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Stress Tolerance 

Field of the Invention 

The present invention concerns a method for identifying and obtaining nucleic acids capable of 
5 modifying stress tolerance, particularly cold tolerance, in plants. The invention also concerns 
Isolated nucleic acids so obtained. The invention further concerns a method for obtaining 
plants having modified stress tolerance and to plants obtained by the methods according to the 
Invention. The Invention also relates to a yeast 6train having modified tolerance to cold stress. 

10 Background 

Environmental stress conditions, such as shortage or excess of solar energy, water or nutrients, 
high salinity and poDution (e.g., heavy-metal pollution), can have a major impact on plant growth 
and can significantly reduce plant yield. Osmotic stress, a type of environmental stress, may be 
induced by conditions of excess salinity, drought, excessive heat, cold or freezing. 

15 

Cold stress may be induced by temperatures below the range which allow optimal growth for a 
particular plant species. Each plant species or variety has an optimal growth temperature at 
which the growth rate is maximal; the further the deviation from this optimal growth 
temperature, the greater the stress on the plants- Many plant species, especially from tropical 

20 or subtropical regions, are sensitive to cold. For example, it has been estimated that the 
worldwide rice production would decrease by 40% if the worldwide mean temperature dropped 
only between 0.5 to 1.0°C (Salisbury and Ross, Plant Physiology. 4* ed. Wadsworth 
Publishing Company. Belmont, CA, 1992). Plants from temperate regions however have the 
ability to adapt their metabolism and to survive freezing temperatures after undergoing a 

25 process of adaptation to low but non-freezing temperatures, a process called cold acclimation. 
For instance non-acclimated rye typically does not survive temperatures below -5°C, but after 
cold acclimation it can withstand temperatures as low as -30*0. The process of cold 
acclimation involves altered expression of many genes. Plants may differ In their ability to. 
withstand cold, which could lead to periodic but significant losses in plant productivity. As a 

30 consequence, the areas in which crops or horticultural plants can be cultivated is determined 
by assessing the risk of lower temperatures, relative to typical growth temperatures for any 
given plant 

The most prominent changes during cold acclimation Include a reduction or cessation of 
35 growth, reduction of tissue water content (Levitt; Responses of Plants to Environmental 
Stresses, Vol. 1. 2nd edn. Academic Press. New York, NY 1980), transient increase In absclsic 
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acid (ABA) levels (Chen at Planl Physiology 71, 362 - 365. 1983). changes In membrane 
lipid composllion (Lynoh and Steponkus. Plant Physiology 83. 761 - 767, 1967- Uemura and 
Steponkus. Rant Physiology 104, 479 - 496. 1994). tha accumulation of compatible oamolytaa 
such aa proline, bataina, polyols and soluble sugars, and increased levels of anOoxMante 
5 (Koster and Lynch, Plant Phyaiology 98, 108 - 113, 1992; Khhltanl a! a/., Plant Call and 
Envirenmem 17, 69 - 95, 1994; Muraili at a,., Physlologla Plantarum 94, 87 -'93 1995- 
Nomura a, a/.. EupbKfca 83. 247 - 250, 1995; DOrfffing of a,., Plant Molecular Biology 23 221 
- 225, 1997; Tao el at, Cryoblology 37, 38 - 45, 1998). 

10 Various mamoda ,o„h. k,en«,ca«,on and Nation ofganaa orpreteins deferentially expressed 

IZoatlH ""J"^- FW ' mPP ' n9 •""*»• * W «— *— o, 

ehremosome locadona of ganas tarn** In cold tolerance (Pan a, a,., Theoretical and Applied 

Genebce 89, 900 - 0,0, 1994; Galiba * a/., Theoretical and Applied GeneOcs 90 1174 -1,79 

,995). Another appreach involves mutabonal analysia In which mutants (hat have an altered 

15 response ,0 cold tolerance are Isolated and characterized. For example, asWmol. conferring 

collecbon of 800000 Bhy, Methy, Sulphonafe (EMS)- mufegenfeed Arebxfeps* Dnes JZl 
screened tor constitollvely freezlng-tolaren. mutente (Xln and Browse. PNAS 95, 7799 - 7804 

17 V*?" "~«" — ««*»"«• h cold acdlmalion (Wan-en 

eta,.. Plant Physiology ,„, ,o„ - 10 , 9 , 1996; Knigh, at a/., Plant Cell 8, 489 - 503 1996, 

IZJZ^ h0S " mU,ante IOW a " d h » ~=n * 

oamobca»y reepons,ve genes) were feofeted using a combination of mutagenesis and reporter 

~ ~rr * "■■ nam M *• 1933 • 1948 ' ,99?: - * «- ^ 

115, - 1,81, ,998; Lee * a/.. Plant Journal 17, 301 - 308, 1999). One of the drawbacks «, 
mappmg and m. mutan, anemia ahatagy is tha, they do no, direaiy resul ^fetm 2 

coding tor conduced gene, AnoOrar sbBteg, uamg' dgferelTa^ 
CDNA I branee and related techniques, has in the pas, yielded several cold induced geneZm 

« (rBVfeWed * ^ « - —en, S. 89^ 

mltTe^T " aVe """"^ - - * - being Involved 

k dreugh, areas. ,„ a„nal transducilon pathways, or as being related to hea, shock prefeine 
motecufer chaperonaa. -anMreaxe proteins" or regulatory prefeim, Several of ,he gantte 
highly expreseed dunng odd sbess and are common* refers ,0 as COR (COkT Regulated) 
^ ~»w. Annua, Review 0, Piant Physiology and Han, Molecular 

Slrategies used to enginaar cold resistant plante include accumulation of osmopmtectama 
such as mannito, „ 0,416.985). pre„ne ( US 6.239.332), Galeae (US 6.323.00,, o^ 
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bataine (Hayaahi er at. ^ Journal 12, ,33 - 142, ,897; US 6,281,411). aher approaehes 

T^ an ' PU ' i ' 1inS *" S ' 9nal * ranSdUC "° n pa ' hwa >' » nM, "3 •» etta* rssponaa (WO 
W^M|l*.i a « ! , H . |n ' milt US 6,417,426, WO 02/44389 
US 5.891,889). Funhennore a number „ ^ ^ teen ^ fc ^ • 

5 Btampla* are members of the COR group {C OR1Sa: US 5.296,482, US S.3S6.816) a oaO 

?~ "7" ^ <W ° 01 /773S4) ' — W*. (WO 01/77358), the LBV- 

*e Protem CAP85 (US 5,837,545) and use of a phoaphoKpK. binding protetn (WO 02/00897). 

Signal <ransduo«on pa.hwaya toadfng to ootd aectlmata and ft. ^ „ ^ gems M 
10 confer ■ae.sfcnce to oold abase ,„ p terts ^ ^ A ^ « ** 

££2^7" e, f ' f 301 '' mu,a9eneste was »y a 

c*^to„ or mutants a. 15-C. Wanted ,0 dtfe™* genes raaponatva to oold toleranoa 
The KtonhBed genes include a ^ ^ ^ a 

*" 88 " M prevlousl >' dM «"^ « "Id rcaponsive 

— r. and - - 810 — — - - ~ 

Yaaat hae been uaad for aoreemng pton, genes that oonfer resistance to a* stress For 

Bbrary ta salt-saeesed auger beat and uaad to acraan (or otonaa having Ir^aaed sab 
tolaranca (WO 02*20,2). The tran^ yeas, ee»s ware grewn on a nonlZ^W 

i%tr u nir m *° nine and hu *" «* s ~- te " *™ « oT 

*dh 20 mM LCI. Puto^ poeltivo olones sho*ing Pater growth on th, eeleoHve madto 
Summary of the invention 

The present invention provides a method for screening for nucleic acids involved in stress 
responses in a p.ant, which method involves screening in yeast for plant 11^1^ 
moving tolerence/reslstance to temperature stress. Tn* present j£ ZT££Z 
Plant genes .denied by this screen and polypeptides encoded by these genes A TpZed • 
are methods for producing p,ants having modified tolerance or resis tan« to environm m 
stress conditions, comprising introduction of the ahove-mentioned ^ Zo oZ T 

W h,ch p»ants are transformed with the gene according to the invention. 
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Detailed description of the invention 

According to a first embodiment of the present Invention, there is provided a screening method 
for identifying nucleic acids capable of modifying tolerance or resistance to stress conditions in 
plants, which method comprises the steps of: 

(i) providing a cDNA library of coding sequences from salt-treated plants: 

(ii) Introducing these coding sequences in an expressible format into yeast cells; 
(III) growing the yeast cells under conditions of stress other than salt stress; 

(iv) identifying differences between transgenic yeast cells and wild type yeast cells, 
preferably identifying differences in growth rate: 
. (v) isolating nucleic acids from the transgenic yeast cells that differ from the wild type 
yeast ceils. 



The present invention demonstrates that yeast cells transformed with cDNA from salt stressed 
plants can be used to isolate genes capable of conferring tolerance against cold stress in 
15 plants. 



The terms "tolerance" and "resistance" are used interchangeably herein. 



The first step of the screening method Involves providing a cDNA library of coding sequences 
20 from salt-treated plants. According to a preferred feature of the present Invention, the cDNA 
library is made from a salt treated halophytic plant or a part thereof, preferably from a salt 
treated sugar beet plant or a part thereof, more preferably from leaves of salt treated Befa 
vulgaris plants. Sugar beet {Beta vulgaris), a relatively halophytic crop plant, provides a 
potentially good source of cold tolerance genes. Although the present invention Is exemplified 
25 by use of a sugar beet cDNA library, it Is to be understood that other halophytic plants could 
equally serve the same purpose. The preparation of cDNA libraries is a routine technique well 
known in the art The cDNA library preferably comprises copies of essentially all mRNA of the 
plant cell. Advantageously, coding sequences alone are sufficient. 



30 The second step of the screening method involves introducing the coding sequences into 
yeast cells. Methods for transformation of yeast, such as electroporation or treatment with 
Lithium Acetate, and for expressing genes in yeast, including yeast vectors, such as pYES k are 
welt known in the art (see e.g. Current Protocols in Molecular Biology, Unit 13 (Ausubel et a/., 
1994) and the Guide to Yeast Genetics end Molecular Biology (Guthrie and Fink, 1991)). 

35 Advantageously, coding sequences may be introduced and expressed in yeast using any of 
several known methods, with the aim of testing tolerance or resistance to stress conditions. 
According to a preferred feature of the present invention, a vector based on the X phage Is 

4 
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employed, more preferably XPG15 is used for introducing and expressing coding sequences in 
yeast Phage XPG15 comprises the excisable expression plasmid pYPGE15 which may be 
used directly for both Escherichia co/j and yeast complementation (Bruneffl and Pall. Yeast 9 
1309 - 1318, 1993). A plasmid cDNA library can be recovered from XPG15 using the c«*fo* 
recombinase system (Brunelli and Pall, Yeast 9, 1309 - 1318, 1993). Preferably, the yeast 
ceils are Sacoharomyces cerevlsiae, more preferably the diploid wild type strain W303 and. its 
diploid mutant deficient for glycerol phosphate dehydrogenase (gpdl ). The yeast strain W303 
has the genotype MATa/MATct. ADE2/ade2. CAN1/can1-1O0. CYH2/cyh2, hls3-11 157his3- 
11.15. LEU1/leu1-c, U=U2/leu2-3,112, trp1-1:URA3:trp1-3'D /trp1-1. ura3-1/ura3-1, and 
originates from the parent strains W303-1A and W303-1B (Primlg et al.. Nat Genet 26. 415 - 
423. 2000). The W303 gpdl mutant was unexpectedly more cold tolerant than the W303 wild 
type strain (see Figure 1). For this reason the wild type strain was used in the screening, while 
the gpdl mutant strain served as a standard for comparison. It was thus expected that nucleic 
acids conferring cold tolerance would enhance the growth of the wild type yeast cells to a 
1 5 comparable or better level to that of the gpdl mutant. 

Advantageously, the gpdl gene can be used for enhancing cold tolerance of yeast for 
example baker's yeast. Yeast is known to be sensitive to cold stress. Freezing stress in 
particular has a negative impact on the quality of yeast as a leaven. Yeast cells that have been 
mutated or engineered such that the glycerol phosphate dehydrogenase (gpdiy gene is 
inactivated (using techniques known in the art) are surprisingly more tolerant to cold and/or 
freezing stress than wild type yeast This trait can be of benefit in, for example, the baking or 
brewing industries. The present invention thus also provides a method for increasing cold 
tolerance of yeast cells, comprising modulating expression In yeast of a nucleic acid encoding 
a glycerol phosphate dehydrogenase and/or- modulating activity of a glycerol phosphate 
dehydrogenase. Preferably, the expression of glyceroi phosphate dehydrogenase is 
downregulated or inhibited. The Invention furthermore provides for the use of a gpdl gene for 
altenng the stress tolerance of yeast The stress-tolerant yeast cells can be used in purified 
form (for example leaven) or in compositions (for example dough). 

The third step of the screen involves growing the yeast cells under stressed conditions Yeast 
cells transformed with cDNA of the salt stressed sugar beet were plated onto a suitable 
medium and grown under cold stress. After a certain period of time colonies that were able to 
grow under these conditions of cold were selected and their cold tolerance was retested by 
growmg the transgenic cells again under cold stress conditions. Advantageously, the cDMA 
from salt treated plants may also be a suitable basis for finding genes capable for conferring 
tolerance against other stresses. This may be achieved simply by growing the yeast cells in 
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step (fii) above in conditions of stress determined by the type of gene sought For example, in 
order to identify genes conferring tolerance or resistance to heat stress, the yeast cells would 
be grown in conditions of heat According to a preferred feature of the invention, the stress is 
preferably cold stress, but similar results may also be obtained when using other types of 
stress, such as drought stress, osmotic stress, oxidative stress or temperature stress other 
than cold stress (such as heat or freezing stress), with the proviso that the stress Is not sait 
stress. It was then determined whether the stress tolerance originated from the tnansgene and 
not from a mutation in the host genome. To this end, the plasmid comprising the transgene 
was cured from a transgenic cold tolerant yeast clone and it was verified whether the cold 
tolerance had disappeared too; secondly the plasmid comprising the transgene was isolated 
from a transgenic cold tolerant yeast done and reintroduced into a non-transgenic yeast strain, 
whereafter the cold tolerance of the newly transformed yeast strain was compared to the non- 
transformed yeast strain. 

The fourth step in the screening method is the identification of fast growing yeast cells. Yeast 
cells transformed with a plant nucleic acid conferring stress resistance were identified based 
on their ability to grow faster under stress conditions than yeast cells not transformed with such 
a nucleic acid, although other selection criteria may also be used, depending on the type of 
stress that Is applied. 



Finally, in the last step of the screening method nucleic acids conferring stress tolerance are 
isolated from the yeast host and characterised. Methods for isolating nucleic acids from yeast 
and sequencing these nucleic acids are known to those skilled in the art. 

The nucleic acids obtained by the screening method of the invention are herein referred to as 
CRYO genes, encoding CRYO proteins. 

Another embodiment of the present invention provides nucleic acids obtainable by the 
screening method according to the present invention, which nucleic acids can be used to 
modify stress tolerance or resistance in plants and/or yeast 

The screening method according to the Invention identified several nucleic acids hitherto 
unknown. The present invention therefore also provides an isolated nucleic acid selected from: 
(I) a nucleic acid encoding a protein as given in any one of SEQ ID NO 2, 4, 6, 8 
and 10; 

(ii) a nucfeic acid as given in any one of SEQ ID NO 1, 3, 5, 7, 9 or the 
complementary strand thereof; 

6 
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(01) nucleic acids which are allelic variants to the nucleic acids defined in any of (0 
to(ii); 

(iv) nucleic acids which are splice variants to the nucleic acids defined In defined in 
any one of (0 to (iii). and; 

(v) nucleic adds which hybridise, preferably under stringent conditions, to 
polynucleotides defined in (1) to (iv); 

(vi) a portion of a nucleic acid according to any of (i) to (v) above, which portion 
preferably encodes a protein having similar functional activity to the full length 
sequence. 

The terms "nucleic acid(s)", "nucleotide sequence^)", "gene(s)", "polynudeotldeCs)" and 
"nucleic acid molecule(s)" are used herein interchangeably to refer to ribonucleotides or 
deoxyribonucleotides or a combination of both, in a polymeric form of any length- The terms 
also include doubJe-stranded and single-stranded DNA and RNA. Also included are known 
nucleotide modifications such as methylatfon, cyclizatlon and 'caps' and substitution of one or 
more naturally occurring nucleotides with an analogue such as inostne. The terms also 
encompass peptide nucleic acids (PNAs). 

Advantageously, the nucleic acids according to the invention may be produced using 
recombinant or synthetic means, such as, for example. PCR cloning mechanisms. Generally, 
such techniques as defined herein are well known in the art, for example as described in 
Sambrook et al. (Molecular Cloning: a Laboratory Manual, 2001). Polynucleotides may also be 
synthesized by well-known techniques as described In the technical literature. See, e.g.. 
Caruthers et al.. Cold Spring Harbor Symp. Quant Biol. 47 411-418 (1982), and Adams et al., 
J. Am. Chem. Soc. 105 661 (1983). Double stranded DNA fragments may then be obtained 
either by synthesizing the complementary strand and annealing the strands together under 
appropriate conditions, or by adding the complementary strand using DNA polymerase with an 
appropriate primer sequence. 



A nucleotide sequence encoding a protein (gene, coding sequence, open reading frame or 
ORF) Is a nucleotide sequence that can be transcribed into mRNA and/or translated into a 
polypeptide when present in an expressible format, I.e. when the coding sequence or ORF Is 
placed under the control of appropriate control sequences or regulatory sequences. A coding 
sequence or ORF is bounded by a 5' translation start codon and a 3' translation stop codon. A 
coding sequence or ORF can include, but is not limited to RNA, mRNA, cDNA, recombinant 
nucleotide sequences, synthetically manufactured nucleotide sequences or genomic DNA The 
coding sequence or ORF can be interrupted by intervening nucleic acids. 

7 
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By "expressible format" is meant that the isolated nucleic acid molecule is in a form suitable for 
being transcribed into mRNA and/or translated to produce a protein, either constitutive!/ or 
following induction by an intracellular or extracellular signal, such as an environmental stimulus 
or stress (mitogens, anoxia, hypoxia, temperature, salt, light, dehydration, etc) or a chemical 
compound such as IPTG (isopropyl-0-D-thiogalactopyranoside), or such as an antibiotic 
(tetracycline, ampicillin. rifamplcin, kanamycin), hormone (e.g. gibberellin, auxin, cytokinin 
glucocorticoid, brassinosteroid. ethylene, abscisic acid etc), hormone analogue (indolacetic 
acid (IAA), 2,4-D, etc), metal (zinc, copper, iron, etc), or ctexamethasone, amongst others As 
win be known to those skilled in the art, expression of a functional protein may also require one 
or more post-translational modifications, such as glycosylate, phosphorylation, 
dephosphorylatlon. or one or more protein-protein interactions, amongst others. All such 
processes are included within the scope of the term "expressible format". 

Genes and coding sequences essentially encoding the same protein but isolated from different 
sources can consist of substantially divergent nucleic acids. Reciprocally, substantially 
divergent nucleic acids can be designed to effect expression of essentially the same protein 
These nucleic acids are the result of e.g. the existence of different alleles of a given gene or of 
the degeneracy of the genetic code or of differences in codon usage. Differences in preferred 
codon usage are Illustrated in http://www.kazusa.or.jp/codon. Allelic variants are further 
defined as to comprise single nucleotide polymorphisms (SNPs) as well as small 
insertion/deletion polymorphisms (INDELs, having a size of usually less than 100 bp) SNPs 
and INDELs form the largest set of sequence variants in naturally occurring polymorphic 
strains of most organisms. Additionally or alternatively, in particular conventional braeding 
programs, such as for example marker assisted breeding, It is sometimes practical to introduce 
allelic variation in the plants by mutagenic treatment of a plant One suitable mutagenic 
method ,s EMS mutagenesis. Identification of allelic variants then takes place by for example 
PGR. This is follcwed by a selection step for selection of superior allelic variants of the" 
sequence in question and which give rise to altered growth characteristics. Selection is 
ty P ,cally carried out by monitoring growth performance of plants containing different allelic 
variants of the sequence in question (for example SEQ ID NO 1, 3, 5 , 7 or 9). Monitoring 
growth performance can be done In a greenhouse or in the field. Further optional steps 
include crossing plants in which the superior allelic variant was identified with another plant 
Th,s could be used, for example, to make a combination of interesting phenotyplc features 
Accondrng to another aspect of the present invention, advantage may be taken of the 
nucleot.de sequence capable of modulating expression of a nucleic acid encoding a CRYO 
protein (such as SEQ ID NO 2, 4, 6, 8 or 10) in breeding programs. For example, in such a 

8 



11/04 '°3 17:41 PA2 32924160»fl CROPDESIGN N V 

fa 020 

020 11.04.2003 17:43.-00 

088-Cryo-PROV 

program, a DNA marker is identified which may be genetically linked to the gene capable of 
modulating the activity of a protein of interest (for example SEQ ID NO 2, 4, 6 8 or 10) in a 
plant (which gene can be the gene encoding a protein of interest or another'gene capable of 
influencing the activity of a protein of interest). This DNA marker is th en used in breeding 
5 programs to select plants having altered growth characteristics. Many techniques are 
nowadays available to identify SNPs and/or INDELs. 
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Also within the scope of the present invention are nucleic acids which are alternative splice 
vanants of a CRYO protein encoded by any one of SEQ ID NO 1, 3. 5, 7 or 9. The term 
aferna«vesp«ice variant- as used herein encompasses vanants of a nucleic acid encod.ng a 

2 "7 ^ 8efeCtSd 6X003 ^ bee " eXCfeed < for such that 

the mRNA has tissue-specific expression), optlonaBy in response to specific signals. Such 

vanants wi« be ones in which the biological activity of the protein remains unaffected which 
can be achieved by selective* retaining functional segments of the protein. Method"^ 
15 making such splice variants are well known In the art Methods for 

The Invention forthermore encompasses nucleic acids that are capable of hybridising with a 

C "IT 3 ^ " feP ™ * SEQ ,0 NO 2. 4. 6 . 8 or 10. The"! 

hybrd*ation» as used herein Is the process wherein substantially homologo^ 
COmP,emSntary " UCteotWe «— to each other. The hybridisation proems Z 

occur entirely in solution, i.e. both complementary nucleic acids are in soulTZ^ 

^ ° n SU ° h 9 ^ indUdS *• reason (PCR and 

all methods based thereon), subtractive hybridation. ran dom primer extension, nuclease 
map^ng pr^er extension, imm^^*^*^^,,™ 
and DNA sequence determination. The hybridisation process can also occur w*h one of ine 
comptementary „uc,e, C acids immobiiised to a matrfc such as magnetic beads, £££ 
" »*■ T0 °' 8 * biology relying on such a process iZ.TZ 

-solabon of poly (A + > mRNA. The hybridisation process can furthermore occur with one tie 
commentary nudeic acids Immobilised to a so.ld support such as a nitro-ceCe or 1Z 
membrane or immobile by e.g. photolithography to e.g. a siccus glass suppose l^r 
known as nuc,e,c acid arrays or microarrays or as nucleic add chips, ToJHn £ Ja 
bolo^relymgonsuchaprocess include «NA and DNA gel blot ana^sis. color^ hybr^on 

hybridation to occur, the nucleic acid molecules are generany thermally or chemical 
denatured to me,t a double strand Into two sln g ,e strands and/or to remove hairpin~er 
secondary stiuotii.es mom single stranded nucleic acid, The stringency of hyZisln 1 
influenced by conditions such as temperature. sa « concentration an 7*J£2 "2 
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composition. High stringency conditions for hybridisation include high temperature and/or low 
salt concentration (salts include NaCI and Nag-citrate) and/or the inclusion of formamide in the 
hybridisation buffer and/or lowering the concentration of compounds such 39 SDS (detergent) 
in the hybridisation buffer and/or exclusion of compounds such as dextran sulphate or 
5 polyethylene glycol (promoting molecular crowding) from the hybridisation buffer. Conventional 
hybridisation conditions are described in, for example, Sambrook (2001) Molecular Cloning: a 
laboratory manual (3rd Edition Cold Spring Harbor Laboratory Press, CSH, New York), but the 
skilled craftsman will appreciate that numerous different hybridisation conditions can be 
designed in function of the known or the expected homology and/or length of the nucleic acid. 
10 Typical conditions for "stringent hybridisation" are for example hybridising at a temperature of 
60°C followed by washes in 2XSSC, 0.1XSDS, and 1X SSC, 0.1X SDS. 

Advantageously, the method according to the present invention may also be practised using 
portions of a DNA or nucleic acid, which portions retain CRYO activity, i.e. a similar biological 
15 function to those encoding proteins represented in SEQ ID NO: 2, 4, 6, 8 or 10. Portions of a 
DNA sequence refer to a piece of DNA derived or prepared from an original (larger) DNA 
molecule, which DNA portion, when expressed in a plant, gives rise to plants having modified 
growth characteristics. The portion may comprise many genes, with or without additional 
control elements, or may contain just spacer sequences etc. 

20 

DNA sequences as defined in the current invention can also be interrupted by Intervening 
sequences. With "intervening sequences" is meant any nucleic acid which disrupts a coding 
sequence in the DNA sequence of interest or which disrupts the expressible format of a DNA 
sequence comprising the DNA sequence of interest. Removal of intervening sequences 
25 restores the coding sequence or said expressible format. Examples of inteivening sequences 
include Introns and mobilisable DNA sequences such as transposons. With "mobiiisable DNA 
sequence" is meant any DNA sequence that can be mobilized as the result of a recombination 
event 

30 The proteins encoded by the nucleic acids identified by the screening method according to the 
present Invention were hitherto unknown. Therefore, the invention also provides an isolated 
protein selected from the group consisting of ; 

(a) a polypeptide as given in any one of SEQ ID NO 2, 4 t 6, 8 or 10, 

(b) a polypeptide encoded by a nucleic acid as defined above in any of (i) to (vi); 

35 (c) a homologue, a derivative, an immunologically active and/or functional fragment of a 
protein as defined in (a) or (b). 

10 
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Besides modifying tolerance to cold stress, the proteins may also be Involved in protein 
transport and sorting <CRY01 [SEQ ID NO 1/2J f CRY02 [SEQ ID NO 3/4], CRY03 [SEQ ID 
NO 5/61 and CRY04 [SEQ ID NO 7/8J), vacuole formation, development or functioning 
(CRY01, CRY02, CRY03), in transcription and translation (CRYOS [SEQ ID NO 9/10]), or In 
5 membrane fluidity (CRY04). 

Response to stress requires an adaptation of metabolism, including transport of proteins and 
other components between different organelles, In particular between the Golgi apparatus and 
the vacuole. Plant vacuoles perform different functions, depending on the cell type in which 

10 they occur. They play an Important role in cell growth or function as storage organelles for 
proteins, ions, secondary metabolites and metabolic waste products. In this last aspect, 
vacuoles also resemble lysosomes. They contain many hydrolytlc enzymes for degradation of 
damaged or redundant cell material. Adaptation to changing environmental conditions or to 
stress involves not only synthesis of new cellular components, but also degradation of cellular 

15 material. These degradation processes require an extensive trafficking of material via 
membrane bound vesicles such as endosomes. Also hydrolytlc enzymes are delivered to the 
vacuole via endosomes. Certain mutants in yeast, known as "Class E tt mutants (Jones et at. 
In: Yeast III, Cold Spring Harbor Laboratory Press, p363 - 470, 1997), are unable to perform a 
correct sorting of proteins to the vacuole. Microscopical analysis reveals that these mutants 

20 contain large aberrant endosomal structures (Raymond et a/., Molecular Biology of the Cell 3, 
1389. 1992), filled with proteins that are normally transited to the vacuole. 

SEQ ID NO 2 (CRY01) is a plant homologue of yeast SNF7 (=DID1 =VPS32 =YLR025W). 
SNF7 mutants belong to the group of class E vacuolar trafficking mutants (Jones et aA, In: 

25 Yeast III, Cold Spring Harbor Laboratory Press, p363 - 470, 1997). The SNF7 mutant 
accumulates a prominent organelle distinct from the vacuole, containing large amounts of 
enzymes which are normally present In the vacuole such as the hydrolases CpY, PrA & PrB, 
The protein is involved In derepression of SUC2 in response to glucose limitation. SNF7 
mutants show a decrease in invertase derepression, a growth defect on rafflnose, 

30 temperature-sensitive growth on glucose, and a sporulation defect in homozygous diploids. 
The SNF7 sugar related phenotype could be due to an altered turnover of a glucose sensor. 
These and other data suggest that the^ protein transport from the Golgi network and from the 
plasma membrane to the vacuole is interfered with. SNF7 forms a family of coiled-coil-forming 
proteins with vps20 and moslQ. The proteins are Involved in same trafficking step, endosome- 

35 to-vacuole transport, but probably participate in different cargo-specffic events (Kranz et aL, 
2001). 



11 
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SEQ ID NO 4 (CRY02) is an isoform of CRY01. 

SEQ ID NO 6 (CRY03) Is the plant homologue of yeast DID2 (=FT1 1 =YKR035W-A), another 
member of the class E vacuolar trafficking proteins. DID2 Is related to SNF7; It has similar 
5 structural features, it may have a comparable function and possibly belongs to the same 
protein complex in yeast (Amerik era/., Molecular Biology of the Cell. 11 3365 - 3380, 2000). 

SEQ ID NO 8 (0RYO4) Is a protein with homology to At1g72160, a cytosolio factor in 
Arvtodopsis thai/ana. and it has significant homology with yeast SEC14 (=YMR079W) This 
10 yeast protein is a cytosollc phosphatidyiinositol/phosphstidylchollne transfer protein and is 
required for the transport of secretory proteins from the Golgi complex and for protein secretion 
(Bankartis et al., 1989). in yeast It is associated with the Golgi complex as a peripheral 

^^000^ fQrmS 3 ^ betW6en Ph0SPh ° lipid metabdism and ^ mafficking 

15 

SEQ ID NO 10 (CRY05) codes for a protein with a RING-domain. RING-domatn proteins are 
known to be involved in biological processes such as transcr. P tiona l and translatlonal 
regulation, and In targeted protects. The RING-domafn mediates protein-protein interactions 
and is related to the zinc-finger domain. 

) 

"Homologues" of a protein encompass peptides, oligopeptides, polypeptides, proteins and 
enzymes having amino acid substitutions, deletions and/or insertions relative to the unmodified 
pro em In question and having similar bloiog.ca. and functional activity as the unmodified 
profo, from whlcn they are derived. To produce sucn homology, amino acids of the £Z 
may be replaced by other amino acids having similar propert.es (such as simi.ar 
hydrophobrcrty, hydrophilicity, antigenicity, propensity to form or break a-helical structures or 13- 
sheet stmrfures). Conservative substitution tables are we,, known «n the art (see for example 
Creghton (1984) Protein, W.H. Freeman and Company). The homologues use™ 
methods according to the Invention have at least 50'/, sequence identity or similarity 
fon^ona Identity) to the unmodified protein, alternatively at .east 60% sequence ^ 
sfmilanty to an unmodrfied protein, or alternatively at least 70% sequence identity or similarity 
to an unmodtfed protein. Typically, the homologues have at least 80% sequence identity^ 
IT to an unmodified protein, preferably at least 85% sequence Identity or scanty 
further prefen.b.y at least 90% sequence identity or similarity to an unmodified protein, mot; 
preferably at .east 95% sequence identity or similarity to an unmodified protein 
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Two special forms of homology, orthologous and paralogous, are evolutionary concepts used 
to describe ancestral relationships of genes. The term "parologous" relates to gene- 
duplications wfthin the genome of a species leading to paralogous genes. The term 
"orthologous" relates to homologous genes in different organisms due to ancestral relationship 
5 The term 'homologues' as used herein also encompasses paralogues and orthologues of the 
proteins useful in the methods according to the Invention. 

Two polypeptides or nucleic adds are said to be 'Identical" if the sequence of amino acid 
rescues or nucleotides, respectively, in the two sequences is the same when optimally 
10 ahgned. Sequence comparisons between two (or more) polypeptide or nucleic acids are 
typ.cally performed by comparing sequences of the two sequences over a "comparison 
wmdow" to Identity and compare local regions of sequence similarity. A "comparison window- 
as used herein, refers to a segment of at least about 20 contiguous positions, usually about 50 
to about 200. more usually about 100 to about 1 50. in which a sequence may be compared to 
a reference sequence of the same number of contiguous positions after the two sequences are 
optimally aligned. Optimal alignment of sequences for comparison may be conducted by the 
local homology algorithm of Smith and Waterman (Adv. Appl. Math.. 2 462. 1981) by the 
homology alignment algorithm of Needleman and Wunsch (J. Mol. 8ML. 48 443 197oj by the 
search for similarity method of Pearson and Upman (PNAS. 85 2444. 1988). by computerized 



15 
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25 



30 



35 



.-implementations of these algorithms (GAP. BESTFIT, BLAST. FASTA. and TFASTA in the 
Wisconsin Genetics Software Package. Genetics Computer Group (GCG), 575 Science Dr 
Madison, Wi), or by inspection. 

The term "derivatives' refers to peptides, oligopeptides, polypeptides, proteins and enzymes 
wh.ch may comprise substitutions, deletions or additions of naturally and non-naturally 
occurring ammo acid residues compared to the amino acid of a naturally-occurring form of the 
proteins as presented in SEQ ID NO 2, 4. 6. 8 or 10.- "Derivatives" of a CRYO protein 
encompass peptides, oligopeptides, polypeptides, proteins and enzymes which may comprise 
naturally occurring altered, g, ycosylatea . acylated or nolvnalUfafly ^ ^ 
residues compared to the amino acid of a naturally-occurring form of the polypeptide A 
denvatlve may also comprise one or more non-amlno acid substituents compared to the amino 
acid from which ft is derived, for example a reporter molecule or other ligand, covalently or 
non-^valendy bound to the amino acid such as. for exampfe. a reporter molecule which is 
bound to fadrtate its detection, and nonreturn.* occurring amino acid residues relative to the 
ammo acid of a naturally-occurring protein. "Substitutional variants' of a protein are those tn 
which at least one residue in an amino acid has been removed and a different residue inserted 
in its place. Amino acid substitutions are typically of slng.e residues, but may be clustered 
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depending upon functional constraints placed upon the polypeptide; insertions will usually be 
of the order of about 1-10 amino acid residues, and deletions will range from about 1-20 
residues. Preferably, amino acid substitutions comprise conservative amino acid substitutions. 
"Insertional variants' of a protein are those in which one or more amino acid residues are 
Introduced Into a predetermined site in said protein. Insertions can comprise amino-terminal 
and/or carboxy-termlnal fusions as well as Intra-sequence insertions of single or multiple amino 
acids. Generally, insertions within the amino acid will be smaller than amino- or carboxy- 
tenninal fusions, in the order of about 1 to 10 residues. Examples of amino- or carboxy- 
terminal fusion proteins or peptides include the binding domain or activation domain of a 
transcriptional activator as used in the yeast two-hybrid system, phage coat proteins, 
(histidine)<rtag, glutathione S-transferase-tag, protein A, maltose-binding protein, dihydrofblate 
reductase, Tag-100 epitope, c-myc epitope. FLAG^-epitope, lacZ. CMP (calmodulin-bindlng 
peptide), HA epitope, protein C epitope and VSV epitope. "Deletion variants" of a protein are 
characterised by the removal of one or more amino acids from the protein. 

Amino acid variants of a protein may readily be made using peptide synthetic techniques well 
known in the art, such as solid phase peptide synthesis and the like, or by recombinant DNA 
manipulations. The manipulation of DNA sequences to produce substitution, Insertion or 
deletion variants of a protein are well known in the art. For example, techniques for making 
substitution mutations at predetermined sites in DNA are well known to those skilled in the art 
and Include M13 mutagenesis, T7-Gen in vitro mutagenesis (USB, Cleveland, OH), 
QuickChange Site Directed mutagenesis (Stratagene, San Diego, CA), PCR-mediated site^ 
directed mutagenesis or other site-directed mutagenesis protocols. 

"Active fragments" of a CRYO protein encompasses at least five contiguous amino acid 
residues of a protein, in case of a functional fragment the minimum size being a sequence of 
sufficient size to provide this sequence with at least a comparable function and/or activity to 
the original sequence which was truncated, while the maximum size is not critical. Typically 
the truncated amino acid will range from about 5 to about 60 amino acids In length' 
"Immunologically active" refers to molecules or specific fragments thereof, such as specific 
epitopes or haptens, that are recognised by (i.e. that bind to) antibodies. Specific epitopes may 
be determined using, for example, peptide-scannlng techniques as described In Geysen ef a/ 
Chem Biol., 3 (8), 679-688, 1996. Functional fragments can also include those comprising an 
epitope which is specific for the proteins according to the invention. 

The present invention also relates to a recombinant genetic construct comprising a nucleic 
acid according to the Invention. The genetic constructs facilitate the introduction and/or 

14 
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expression and/or maintenance of a nucleotide sequence as defined above into a plant cell, 
tissue or organ. Preferably, the genetic construct comprises: 

(i) an Isolated nucleic acid obtainable by the screening method as outlined above, 
preferably a nucleic acid sequence encoding a protein as defined in any of (I) to (vi) 
5 above; 

(II) a regulatory element operably linked to the nucleic acid of (i), which regulatory 

element is preferably a plant expressible promoter; and optionally 
(iii) a transcription termination sequence. 

10 The nucleic add construct can be an expression vector wherein the nucleic acid is operably 
linked to one or more regulatory elements allowing expression in prokaryotlc and/or eukaryotio 
host cells. The vector may be commercially available, suitable for transforming into plants and 
suitable for expression of the gene of interest in the transformed cells. 
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Advantageously, any nucleic acid obtainable by the screening method according to the present 
invention can be used in the construct; preferably a nucleic acid as defined in any of (I) to (vi) 
above Is used. 

The term "operably linked" as used herein refers to a functional linkage between the regulatory 
element and the gene of Interest, such that the regulatory element is able to initiate 
transcription of the gene of interest. 

As used herein, the term "plant-expressible promoter- refers to a promoter that is capable of 
driving transcription in a ptant cell. This not only Includes any promoter of plant origin, such as 
the natural promoter of the transcribed DNA sequence, but also any promoter of non-plant 
ongin which is capable of directing transcription in a plant cell. The promoter may also be an 
artificial or synthetic promoter. The term "plant-expressible promoter" includes, but is not 
restricted to, constitutive, inducible, organ-, tissue- or cell-specific and/or developmental^ 
regulated promoters. The terms "regulatory element- . -control sequence", "promoter- are an 
used herein interchangeably and, taken in a broad context, refer to regulatory nucleic acids 
capable of effecting expression of the sequences to which they are ligated. 

Advantageously, any type of promoter may be used to drive expression of the nucleic acid 
encoding a CRYO protein. More specifically, a constitutive promoter can be, but is not 
restricted to, one of the following: a 35S promoter (Odell ef a/.. Nature, 313 482 - 4g3 1 9BS) a 
35S>3 promoter (Hull and Howell, Virology. 8ft 482 - 493, 1 987). the promoter of the' nopa/ine 
synthase gene (TNOS") of the T^asmid (Herrera-Estrella, Nature, 303 209 - 213, 1983) or 

15 
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the promoter of the octopine synthase gene ("POCS", De Greve ef aL. J. Mol. Appl. Genet. 1 
(6), 489 - 511, 1982). It is clear that other constitutive promoters can be used to obtain similar 
effects. A meristem-spedfic promoter, such as the rnr (ribonucleotide reductase), cdc2a 
promoter and the cyc07 promoter, could be used to effect expression in all growing parts of the 
5 plant, thereby Increasing cell proliferation, which In turn would increase yield or biomass. If the 
desired outcome would be to Influence seed characteristics, such as the storage capacity, 
seed size, seed number, biomass etc., then a seed-specific promoter, such as p2S2,' 
pPROLAMIN, pOLEOSIN could be selected. An aleurone-spedflc promoter may be selected 
in order to increase growth at the moment of germination, thereby increasing the transport of 
10 sugars to the embryo. An inflorescence-specific promoter, such as p LEAFY, may be utilised if 
the desired outcome would be to modify the number of flower organs. To produce male^terile 
plants one would need an anther specific promoter. To impact on flower architecture for 
example petal size, one could choose a petal-specific promoter. If the desired outcome would 
be to modify growth and/or developmental characteristics in particular organs, then the choice 
of the promoter would depend on the organ to be modified. For example, use of a root-specific 
promoter would lead to increased growth and/or increased biomass or yield of the root and/or 
phenotypic alteration of the root. This would be particularly important where it Is the root itself 
that is the desired end product, such crops Include sugar beet, turnip, carrot, and potato. A 
fruit-specific promoter may be used to modify, for example, the strength of the outer skin of the 
20 fruit or to increase the size of the fruit A green tissue-specific promoter may be used to 
increase leaf size. A cell wall-specific promoter may be used to increase the rigidity of the cell 
wall, thereby increasing pathogen resistance. An anther-specific promoter may be used to 
produce male-sterile plants. A vascular-specific promoter may be used to increase transport 
from leaves to seeds. A nodule-specific promoter may be used to increase the nitrogen fixing 
25 capabilities of a plant, thereby increasing the nutrient levels In a plant A stress-Snducible 
promoter may also be used to drive expression of a nucleic acid to increase membrane 
Integrity during conditions of stress. A stress inducible promoter such as the water stress 
Induced promoter WSI18, the drought stress induced Trg-31 promoter, the ABA related 
promoter rab21 or any other promoter which Is Induced under a particular stress condition 
such as temperature stress (cold, freezing, heat) or osmotic stress, or drought stress or 
oxidative stress or biotic stress can be used to drive expression of a CRYO gene. 
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If the desired outcome would be to influence the cold tolerance of a plant under adverse 
conditions, then a cold-inducible promoter such as. for example, pn329, pws18 or pcortS could 
35 be selected. 
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Suitable promoters for expression in yeast are known in the art, see for example Current 
Protocols in Molecular Biology, Unit 13 (Ausubel et a!., 1994) and the Quide to Yeast Genetics 
and Molecular Biology (Guthrie and Fink, 1991). 

5 The recombinant genetic construct according to the present Invention may include further 
regulatory or other sequences from other genes. Encompassed are transcriptional regulatory 
sequences derived from a classical eukaryotic genomic gene (including the TATA box which Is 
required for accurate transcription initiation, with or without a CCAAT box sequence) and 
additional regulatory elements (i.e. upstream activating sequences, enhancers and silencers) 

10 which alter gene expression in response to developmental and/or external stimuli, or in a 
tissue-specific manner. Also Included la a transcriptional regulatory sequence of a classical 
prokaryotic gene. In which case it may include a ^35 box sequence and/or -10 box 
transcriptional regulatory sequences. Regulatory elements also encompass a synthetic fusion 
molecule or derivative which confers, activates or enhances expression of a nucleic acid 

15 molecule in a cell, tissue or organ. 

Optionally, one or more terminator sequences may also be used in the construct introduced 
into a plant The term "terminator encompasses a control sequence which Is a DNIA 
sequence, at the end of a transcriptional unit, which signals 3' processing and polyadenylation 
20 of a primary transcript and termination of transcription. Additional regulatory elements may 
include transcriptional as well as translation^ enhancers. Those skilled in the art will be aware 
of terminator and enhancer sequences which may be suitable for use in performing the 
invention. 

25 Furthermore, the recombinant nucleic acid can be constructed and employed to target the 
gene product of the nucleic acid of the invention to a specific intracellular compartment within a 
plant cell or to direct a protein to the extracellular environment. This can generally be obtained 
by operably joining a DNA sequence encoding a transit or signal peptide to the recombinant 
nucleic acid. 

30 

The genetic constructs of the invention may further Include an origin of replication sequence 
which is required for maintenance and/or replication in a specific cell type, for example a 
bacterial cell, when the genetic construct is required to be maintained as an episoma! genetic 
element (e.g. plasmfd or cosmld molecule) in a cell. Preferred origins of replication include, 
35 but are not limited to, the fl-ort and coiEl origins of replication. 
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The genetic construct may optionally comprise a selectable marker gene. As used herein, the 
term "selectable marker gene" includes any gene which confers a phenotype on a cell in which 
it Is expressed to facilitate the identification and/or selection of cells which are transfected or 
transformed with a genetic construct of the invention or a derivative thereof. Suitable markers 
may be selected from markers that confer antibiotic or herbicide resistance. Ceils containing 
the recombinant DNA will thus be able to survive in the presence of antibiotic or herbicide 
concentrations that kill untransformed cells. Examples of selectable marker genes include the 
bar gene which provides resistance to the herbicide Basta; the ampicillin resistance gene 
(Amp^. the tetracycline resistance gene (Tc 1 ). the bacterial kanamycin resistance gene (Kan') 
the phosphlnothricln resistance gene, the neomycin phosphotransferase gene (nptll) the 
hygromycm resistance gene, and the chloramphenicol acetyltransferase (CAT) gene visual 
markers, such as the Green Fluorescent Protein (GFP, Haseloff et *, Nature 334 585 - 591 
1997). 0-glucuronidase <GUS), and luciferase, may also be used as selectable markers. 

According to another embodiment, the present invention relates to the use of the nucleic acids 
of the present Invention as selectable marker gene in plants or other organisms More 
preferably, the present invention aiso relates to the use of a gene coding for a CRYO protein 
as defined above as selectab.e marker gene, selection taking p.ace by treating with a stress 
condition such as a sub-optimal growth temperature. 

The nucleic acids obtainable by the screening method as described herein encode proteins 
that support faster growth of yeast under stress conditions, therefore it is likely, since these 
nucfeic acids originate from plants, that modulation of expression of these nucleic adds upon 
.reduction into plants, will ateo support faster growth of piants under stress conditions 
Therefore the present invention provides a method for increasing stress toterance of piants 
preferably to cold stress, comprising modulating expression In plants of a nucleic acid 
sequence encoding a CRYO protein and/or modulating activity of a CRYO protein. Similar* 
the present Invention provides a method for Increasing stress tolerance of yeast, preferably to 
cold stress comprising modulating expression In plants of a nucleic add sequence encoding a 
CRYO protein and/or modulating activity of a CRYO protein. 

"Altered stress tolerance" as used herein comprises, for any given stress, increasing iterance 
in plants or yeast to that particuiar stress, whether those plants or yeast already have some 
degree of toierance to the particuiar stress or whether that plant or yeast is being provided with 
tolerance to that stress anew. 
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Preferably, the altered tolerance is to at least one of temperature stress, osmotic stress, 
drought stress or oxidative stress, more preferably cold stress. 

The terms "tolerance" and "resistance" as used herein encompass protection against stress 
5 ranging from a delay to substantially a complete inhibition of alteration in cellular metabolism, 
reduced cell growth and/or cell death caused by environmental stress conditions' 
Advantageously, transgenic plants or yeasts obtained by the methods of the present invention 
are tolerant or resistant to environmental stress conditions. 

J 0 The term -environmental stress" as used herein encompasses stress factors such as drought 
stress (water, dehydration), osmotic stress, salt stress, temperature stress (due to for example 
heat or frost). "Temperature stress' which includes "cold stress", "freezing stress" or "heat 
stress" is a stress induced by suboptimai or supra-optimal growth temperatures for a particular 
organism. Optimal growth temperature ranges may be readily determined or would be known 
to those skilled in the ait "Osmotic stress" is any stress associated with or induced by loss of 
water, reduced turgor or reduced water content of a cel., tissue, organ or whole plant "Drought 
stress" refers to any stress which is induced by or associated with the deprivation of water or 
reduced supply of water to a cell, tissue, organ or organism. The term "salt-stress" refers to 
any stress which is associated with or induced by elevated concentrations of salt and which 
result in a perturbation In the osmotic potential of the intracellular or extracellular environment 
of a cell. "Oxidative stress" occurs in situations of cold stress combined with intensive light in 
situations of ozone stress, in cases of necrosis as a result of pathogen infection or wounding 
.n cases of senescence and due to application of certain herbicides (like atrazine or paraquat). ' 

According to a preferred feature of the invention, the stress is cold stress. Advantageously the 
results of testing for tolerance or resistance to environmental conditions in the yeast cells give 
a reliable measure of the capability of the inserted coding sequence or gene to induce 
tolerance or resistance to environmental stress in plants. The capacity of an isolated nucleic 
acd to confer tolerance or resistance to environmental stress tolerance to plants can be tested 
according to methods well-known in the art, see for example. Physical Stresses in Plants- 
Genes and Their Products for Tolerance. S. Grille (Editor), A. Leone (Editor) (June 1996)' 
Springer Veriag; ISBN: 3540613471; Handbook of Rant and Crop Stress. Mohammad 
Peassarakli (Editor), Marcel Dekker, ISBN: 0824789873; The Physiology of Plants Under 
Stress; Abiotic Factors. Erik T. Nilsen, David M. Orcutt (Contributor), EricT. Nilsen 2"> edition 
(October 1996). John Wiley & Sons; ISBN: 047131526; Drought. Salt. Cold and Heat Stress- 
Molecular Responses in Higher Plants (Biotechnology Intelligence Unit). Kazuo Shinozaki 
(Editor), Kazuko Yamaguchi-Shinozaki (Editor) (1999). R G Landes Co; ISBN: 1570595631; 
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Plants Under Stress: Biochemistry, Physiology and Ecology and Their Application to Plant 
Improvement (Society for Experimental Biology Seminar Serle). Hamlyn G. Jones, TJ. 
Flowers, M.B. Jones (Editor). (September 1989). Cambridge Univ. Pr. (Short); ISBN: 
0521344239; Plant Adaptation to Environmental Stress. Leslie Fowden, Terry Mansfield, John 
5 Stoddart (Editor) (October 1993) Chapman & Hall; ISBN: 0412490005; or the appended 
examples. Similar methods exist for yeast; see for example: The molecular and cellular biology 
of the yeast Saccharomyces cerevisiae. Pringle, Jones, Broach and Strathem, Cols Spring 
Harbor laboratory press, 1992 (New York); Guide to yeast Genetics and Mollecular and Cell 
Biology (Volum 350 and 351 of Methods in enzymology) (Guthrie and Finf Eds), Academic 
10 Press (2002) San Diego; Yeast Gene Analysis (Brown and Tuite) (Volume 26 of Methods in 
Microbiology) Academic press (San Diego); Yeast Stress Responses (Ed. Hohmann and 
Mager) Springer Verlag, Heldelbeig 1997. 

Modulation (enhancing or decreasing) of expression of a nucleic acid encoding a CRYO 
15 protein or modulation of a CRYO protein itself encompasses altered expression of a gene or 
altered levels of a gene product, namely a polypeptide, in specific cells or tissues, which gene 
or gene-product Influences CRYO gene expression or protein activity. 

The nucleic acids obtained by the screening method according to the Invention will have the 
20 capacity to modify tolerance to cold stress in plants or yeast. This effect may also be obtained 
by applying the proteins encoded by the nucleic acids as defined above, directly to the plants 
or yeast. 

Preferably, modulation of expression of a nucleic acid encoding a CRYO protein and/or 
25 modulation of activity of the CRYO protein itself Is effected by recombinant means. Such 
recombinant means may comprise a direct and/or indirect approach for modulation of 
expression of a nucleic acid and/or for modulation of the activity of a protein. 

For example, an indirect approach may comprise introducing, into a plant, a nucleic acid 
30 capable of modulating activity of the protein in question (a CRYO prateln) and/or expression of 
the gene In question (a gene encoding a CRYO protein). The CRYO gene or the CRYO 
protein may be wild type, i.e. the native or endogenous nucleic acid or polypeptide. 
Alternatively, It may be a nucleic acid derived from the same or another species, which gene is 
introduced as a transgene, for example by transformation. This transgene may be substantially 
35 modified from its native form in composition and/or genomic environment through deliberate 
human manipulation. Also encompassed by an indirect approach for modulating activity of a 
CRYO protein and/or expression of a CRYO gene is the Inhibition or stimulation of regulatory 

20 
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sequences that drive expression of the native gene or transgene. Such regulatory sequences 
may be introduced into a plant 

A direct and more preferred approach comprises introducing into a plant or yeast a nucleic 
acid encoding a CRYO protein or a homologue, derivative or active fragment thereof. The 
nucleic acid may be introduced by, for example, transformation. The nucleic acid may be 
derived (either directly or indirectly (if subsequently modified)) from any source provided that 
the sequence, when expressed in a plant or yeast, leads to modulated expression of a CRYO 
nucleic acid/gene or modulated activity of a CRYO protein. 



Preferably, the nucleic add is isolated from a halophytic plant, more preferably from Beta 
vulgaris. Most preferably, the nucleic acid capable of modulating expression of a CRYO gene 
or activity of a CRYO protein in a plant is a nucleic acid as represented by SEQ ID NO 1 r 3, 5, 
7, 9. or homologues, derivatives or active fragments thereof, or a nucleic acid encoding a 
15 protein represented by SEQ ID NO 2, 4, 6, 8 or 10, or homologues, derivatives or active 
fragments thereof. 

However, it should be clear that the applicabifity of the invention is not limited to use of a 
nucleic acid represented by SEQ ID NO 1, 3, 5, 7, 9 nor to the nucleic acid encoding the 
20 protein of SEQ ID NO 2, 4, 6, 8 or 10, but that other nucleic acids encoding homologues, 
derivatives or active fragments of SEQ ID NO 1 to 10 may be useful in the methods of thi 
present invention. Advantageously, the method according to the present invention serves to 
confer tolerance or resistance to environmental stress conditions in plants and parts thereof, or 
in yeast. 

25 

Modulating the activity of a nucleic acid/gene can be achieved for example by inhibiting or 
stimulating control elements that drive expression of a native gene or of a transgene, such 
regulatory sequences may be introduced into a plant or yeast The "nucleic acid" or "protein- 
may be wild type, i.e. the native or endogenous nucleic acid or polypeptide. Alternatively, the 
30 gene may be a heterologous nucleic acid derived from the same or another species, which 
gene Is Introduced as a transgene, for example, by transformation. This transgene may be 
substantially modified from its native form in composition and/or genomic environment through 
deliberate human manipulation. Modulating gene expression also encompasses altered 
transcript level of a gene, which can be sufficient to induce certain phenotyplc effects. 



According to a preferred feature of the present invention, enhanced or increased expression of 
a nucleic acid is envisaged. Methods for obtaining enhanced or increased expression of genes 

21 
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or gene products are well documented in the art and include, for example, overexpression 
driven by a strong promoter, the use of transcription enhancers or translation enhancers. 

However downregulation of the expression of a nucleic acid may also give rise to modified 
5 stress tolerance in a plant or yeast. Advantageously, plants having modified stress tolerance 
may be obtained by expressing a nucleic acid encoding a CRYO protein in either sense or 
antisense orientation. Techniques for downregulation are weil known in the art. Similar and 
other approaches for downregulation expression In yeast are known in the art (for example 
interruption of the ORF with a gene complementing a metabolic defect of the host strain or with 
10 a gene from bacteria conferring tolerance to the antibiotics Kanamycin or Genetycin). 

Another embodiment of the Invention provides host cells comprising a nucleic acid molecule 
encoding a CRYO protein. Preferred host cells are plant cells or yeast. The polypeptides of 
the present invention may also be produced by recombinant expression in prokaryotic and 
15 eukaryotlc engineered cells, other than plant cells, such as bacteria, fungi, or animal ceils. 
Suitable expression systems are known to those skilled in the art. 

The Invention extends to plants or yeast tolerant to environmental stress, preferably cold 
stress, which plants or yeast have elevated levels of a protein as defined above. The present 
20 Invention thus also encompasses plants obtainable by the methods according to the present 
invention. The present Invention therefore provides plants obtainable by the method according 
to the present invention, which plants have modified stress tolerance and which plants have 
altered CRYO protein activity and/or altered expression of a nucleic acid encoding a CRYO 
protein. 
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The present invention also relates to a method for the production of transgenic plants, plant 

cells or plant tissues, comprising introduction of a nucleic acid molecule of the invention in an 

expressible format or a genetic construct as defined above into a plant, plant cell or plant 

tissue. Therefore, according to a fifth embodiment of the present invention there is provided a 

method for producing transgenic plants having modified tolerance to stress, relative to 

corresponding wild type plants, which method comprises: 

(i) introducing into a plant cell a nucleic acid encoding a CRYO protein; and 

(II) cultivating this plant cell under conditions promoting regeneration and mature plant 

growth. 

Preferably, the stress is at least one of cold stress, salt stress, osmotic stress, drought stress 
or oxidative stress. More preferably, the stress is cold stress. 



22 



11/04 '03 17:47 FAX 3292415059 CROPDESIGtf N.V. 

088-Cryo-PROV 

The present invention extends to any plant cell, plant or plant part or yeast cell obtained by any 
of the methods described herein, and to all plant parts, including harvestable parts of a plant, 
and propagules thereof. The present invention also encompasses a plant or a part thereof 
comprising a plant cell transformed with a nucleic acid according to the invention. The present 
5 invention extends further to encompass the progeny of a primary transformed or transfected 
cell, tissue, organ or whole plant that has been produced by any of the aforementioned 
methods, the only requirement being that progeny exhibit the same genotypic and/or 
phenotypic characteristics) as those produced in the parent by the methods according to the 
invention. 

10 

The term "plant* as used herein encompasses whole plants, ancestors and progeny of the 
plants, plant parts, plant cells, tissues and organs. The term "plant" also therefore 
encompasses suspension cultures, embryos, meristematlc regions, callus tissue, leaves, 
flowers, fruits, seeds, rhizomes, bulbs, roots (including tubers), shoots (including stem 

15 cultures), gametophytes, sporophytes, pollen, and microspores. Plants that are particularly 
useful in the methods of the invention include all plants which belong to the superfamily 
Viridiplantae, in particular monocotyledonous and dicotyledonous plants including a fodder or 
forage legume, ornamental plant, food crop, tree, or shrub selected from the list comprising 
Acanthaceae, Aceraceae, Acoraceae, Adfantaceae, Agavaceae, Afeoaceae, Allsmataceae, 

20 AUiaceae, Aloeaceae, Atetroemeriaceae, Amaranthaceae. Amaryilidaceae, Anacardiaceae, 
Anemiaceae, Angiopteridaceae, Annonaceae, Apocynaceae. Aponogetonaceae, 
Aquifoliaceae, Araceae, Araliaceae, Araucariaceae, Arecaceae, Aristolochiaceae, 
Asparagaceae, Aspleniaceae, Asteliaceae, Asteraceae, Balsaminaceae, Baselfaceae, 
Bataceae, Begoniaceae, Berberfdaceae, Betulaceae, Bignoniaceae, Bixaceae, Blechnaceae. 

25 Bombacaceae, Boraginaceae, Brassicaceae: Alliana pefiolata, Arabidopsis thaliana, Arabls 
petiofaris, Arabls pumila, Arabis sp., Berteroa incana, Biscutella laevigata, Brasslcajunceae, 
Brassica napua, Bmssfca napus van napus, Brassica nigra, Brassica oferacea, Brassica 
oleracea var. gongylo, Capsella bursa-pastoris, Cardamfne pratensis, Cochlearia officinalis, 
Dentate laciniata, Descurainla pinnata, Draba asprella, Draba vema, Draba, Erysimum 

30 asperum, Erysimum asperum, Erysimum capitatum, Lepidiumflavum, Lepfdium virginicum, 
Lesquerelte argyraea, Lesquerella danstflora, Lesquerella tvbicundula, Lesquereila sp„ 
Lobularia maritima, Lunaria annua, Lunaria retf/iwa, Neobeckla aquatlca, Nerfsyrenia 
camporum, Physaria chambersS, Raphanus sativus, Slnapis alba, Stanieya pinnata, 
Streptanthus cordatus, Thfaspi arvense, Thlaspi rotundlfolium, Bromeliaceae, Buddlejaceae, 

35 Burseraceae, Buxaceae, Cabombaoeae, Cactaceae, Caesalpiniaceae, CaiBtrichaceae, 
Catochortaceae, Calyceraceae, Campanuteceae, Cannabaceae, Cannaceae, Capparaceae, 
Caprifoliaoeae, Caricaceae, Caryophyilaceae, Casuarinaceae. Celastraceae, 

23 
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Chenopodlaceae, Ctstaceae, Clusfaceae, Cneoraceae. Cochlosperrnaceae, Combretaceae, 
Commelinaceae. Convallariaceae, Convolvulaceae, Comaceae, Corylaceae, Crassulaceae. 
Crossosomataceae, Cucurb'rtaceae, Cunoniaceae, Cupressaceae, Cuscutaceae," 
Cyatheaceae, Cycadaceae, Cyperaceae, Cyrillaceae, Dennstaedtiaceae. Dicksoniaceae," 
5 Dicfiereaceae, Dilleniaceae, Dloscoreaceae, Dipsacaceae, Dipterocarpaceae, Droseraceae.' 
Dryopteridaceae, Ebenaceae, Ehretfaceaa, Elaeagnaceae, Elaeocarpaceae, Elatinaceae! 
Empetraceae, Epacridaeeae. Ephedraceae, Equisetaceae, Ericaceae, Ertocaulaceae.' 
Erythroxylaceae, Escalloniaceae, Euphorbiaceae, Eupomatiaceae, Fabaceae, Fagaceae, 
Flacourtlaceae, Fouquieriaceae, Frankenfaceae, Fumartaceae. Genfianaceae, Geraniaceae," 
10 Gesneriaceae, Ginkgoaceae, Globulariaceae, Goodenlaceae, Grossulariaceae. Gunneraceae,' 
Haemodoraceae, Haloragaceae. Hamarneiidaeeae. Heliconiaceae, Hlppocastanaceae,' 
Hyacinthaceae. Hydrangeaceae, Hydrophyllaceae, Hypericaceae. Iridaceae, Isoetaceae! 
Juglandaceae. Juncaceae, Koeberilniaceae, Krameriaceae, Lamiaceae,' Lauraceae] 
Lecythidaceae, Lemnaceae, Lentibularlaceae, Liliaceae, Limnanthaceae, Limnocharltaceae, 
15 Linaceae, Loasaceae. Lobeliaceae, Loganiaceae. Lomandraceae, Lomariopsidaceae] 
Loranthaceae. Lycopodiaceae, Lythraceae, Magnoiiaceae, Malpighiaceae, Malvaceae,' 
Marantaceae. Marcgravfeceae. Maraileaceae, Martyniaceae, Mayacaceae, Melanthiaceae,' 
Melastomataceae, Meliaceae, Melianthaceae, Mentspermaceae, Menyanthaceae' 
Mlmosaceae, Monimiaceae, Monotropaeeae, Moraceae, Musaceae, Myoporaceae' 
Myrfcaceae. Myristicaceae, Myrsinaceae. Myrtaceae. Nelumbonaceae, Nyctaglnaceae' 
Nymphaeaceae, Nyssaceae, Ochnaceae, Oenotheraceae, Oleaeeae. Oliniaceae, 
Onagraceae, Ophioglossaceae, Orchtdaceae. Orobanchaceae, Osmundaceae, Oxalfdaceae' 
Paeoniaceae, Pandanaceae, Papaveraceae.Passrfloraceae, Pedaltaceae, ' Phllydraceae' 
Phormiaceae, Phytolaccaceae, Pinaceae, Pfperaceae, Plttosporaceae, plantaginaceae' 
Platanaceae, Plumbaginaceae, Poaceae, Podocarpaceae. Podophyllaceae. Polemoniaceae' 
Polygafaceae, Poiygonaceae. Poiypodiaceae. Pontederiaceae, Portulacaceae, Primuiaceae' 
Proteaceae, Pteridaceae, Punicaceae, Pyrolaceae, Rafflesiaceae, Ranunculaceae' 
Resedaceae, Restionaceae, Rhamnaceae. Rosaceae, Rubiaceae, Ruscaceae Rutaceae' 
Saficaceae, Salvlniaceae, Santalaceae, Sapindaceae, Sapotaceae, Sarraceniaceae" 
Saururaceae, Saxifragaceae, Scrophulariaceae, Selaginellaceae, Simaroubaceae' 
Smilacaceae, Solanaceae. Sparganiaceae, Sterculiaceae, Strelifeiaceae, Styracaceae' 
Taccaceae, Tamaricaceae, Taxaceae, Taxodiacaae, Theaceae, Thelypteridaceae' 
Thymelaeaceae, Triiaceae, Trapaceae, Tremandraceae, Trilllaceae, Trochodendraceae 
Tropaeolaceae, Tumeraceae. Typhaceae, Ulmaceae, Urtlcaceae, Valerianate' 
Verbenaceae, Veronicaceae, VIolaceae, Vlacaceae, Waceae. Welwitschiaceae, Winteraceae' 
Xanthorrhoeaceae. Xerophyllaceae, Xyridaceae, Zamiaceae, Zingiberaceae, and 
Zygophyllaceae. According to a preferred feature of the present invention, the plant is a 

24 



20 



25 



30 



3S 



1X/.4 ■„ !,:« „„ MMUMM CROPDESIGN N.T. 

mmwmww' 036 11 - 04 - 200 3 0 "7:so=2e 

-nonocofrtedonous or dlaoMedono.fi p&nt, such as a crop plant selected tam . 
wheat, barley, soybean, sunflower, canals elfelfc nZ ' 
Addiflona, spaces such as amaranth. TT "* ^ 

aabbage. cane, cauflflower, ce^y, eoflard J^CZlfZL '* SPrDU *- 
5 potato, sugar be* sugar cane, tomato, squash «ETlTf -T^ ° nton - 
Pudhar advantogeous^. p, anls ^ ^ £ ~« « "* 

waps to be grown with improved Weld omw», * . 9 6 TOenlfan enabls 

n ^^^^^^ZZZ ~ a *° 6086,63 

The gene of Interest is preferably introduced « ... 

as ^ t0 heT ^ 1^ 1^ T ^ ^ «™ 

Po,ynuc te oMe IM oahoa.«». iras pe*e6,toenlJ S s rj^ r °' , eX ° S8 " M « 
may be bansienuy or stob* m^ced Into a host cell and l!^ f P1 * nucte '* te 
15 tor example, as a p,asm,d, or bTC^ott^ TOWn, ~ 

-along banstonned plan. ce» can men be used to ^T a ^ ™» 
manner known to peraona skilled In the ad Transform*? ! """to™* Plant in a 
rauflne technique. Advantogeousfc * 3 P,am * — * «*» 

'"boduce the gene of bfle^ J*. «* 
20 the use of liposomes, efcobaporadan chemteaT^ Tra "**>™>«°n methods Include 
the DNA diracfly u. ^ pram . pern* ^1?!, *" **» °> 

method for prot op,asta (Krens ef ef„ Natun, 296 4 7 !To» ^'"^^'ane S ,yco. 
Biol.. 8 383 - 373 1987)- .bo.™ v 4 ' 1982; Ne9MIU '■ « <*-. "ant Mai 

185. 1868); DNA or *wJZ^ ^"TT f * *" M01 - °— • 2 » 2 "9 - 

w* <-»r^CrXrtrr ef » » «*» 

(Cheng ef M 1997 - WO 97/46814- HanJ 7,~Z ' **° bac * mm ™<»*«l transformation 
"/00877; He, ar a,. ,996 - 2 ££T r T u ~ * * * * "94 - WO 

0 1090-WOaTO ^ "«> ««» Saflo at a,. 

atrr:~°i~ : r r — are — - - — - 

» gene of Imerast Wowing which Z^l!??!?** — °>*™«°™ with the 
wheie organfcm may be mZZ^T"TT " **" a whote plant A 

mahods known ,nfl,e art X«fc us " T ^"^ " ******* 

ft Pfin, bsaue capab te of aubsequen, atonal pn.pagabon. whether^ 



11/04 '03 17:49 FAX 3292415089 
088-Cryo-PROV 



CROPDBSIGN N.V. 



10 



15 



20 



25 



organogenesis or embryogenesis, may be transformed with a genetic construct of the present 
invention and a whole plant regenerated therefrom. The particular tissue chosen will vary 
depending on the clonal propagation systems available for, and best suited to. the particular 
species being transformed. Exemplary tissue targets include leaf disks, pollen, embryos, 
cotyledons, hypocotyte, megagametophytes, callus tissue, existing meristematic tissue (e.g.,' 
apical meristem, axillary buds, and root meristems). and induced meristem tissue (e.g.,* 
cotyledon meristem and hypocotyf meristem). 

Following DMA transfer and regeneration, putatively transformed plants may be evaluated, for 
instance using Southern analysis, for the presence of the gene of interest, copy number and/or 
genomic organisation. Alternatively or additionally, expression levels of the newly introduced 
DNA may be undertaken using Northern and/or Western analysis, both techniques being well 
known to persons having ordinary skill In the art. 

The generated transformed plants may be propagated by a variety of means, such as by clonal 
propagation or classical breeding techniques. For example, a first generation (or T1) 
transformed plant may be selfed to give homozygous second generation (or T2) transforrnants 
and the T2 plants further propagated through classical breeding techniques. 

The generated transformed organisms may take a variety of forms. For example, they may be 
chimeras of transformed cells and non-transformed cells; clonal transforrnants <e.g all cells 
transformed to contain the expression cassette); grafts of transformed and untransformed 
tissues (e.g., in plants, a transformed rootstock grafted to an untransformed scion). 

Furthermore, the invention also relates to the use of a nucleic acid encoding a CRYO protein 
or of a CRYO protein Itself, to modify stress tolerance of plants or parts thereof or of plant 
cells. The sequences as depicted in SEQ ID NO 1 to SEQ ID NO 10 are revealed to be 
involved in important processes leading to stress tolerance, as exemplified by plants having 
altered stress tolarance. which plants have been transformed with a sequence essentially 
similar to SEQ ID NO 1 , 3, 5. 7 or 9. Similarly, the invention also relates to the use of a nucleic 
acid encoding a CRYO protein or of a CRYO protein Itself, to modify stress tolerance of yeast 
Preferably, the stress Is at least one of temperature stress, osmotic stress, drought stress or 
oxidative stress. 



Furthermore, the characteristic of the transgenic plants of the present invention to display 
tolerance to cold stress conditions can be combined with other approaches to confer cold 
stress tolerance to plants, e.g., use of osmotic protectants such as mannitol, proline; g.ycine- 

26 



H/04 '03 17:49 PAX 32 fl 24 l 5 089 CROPDESIGN N. 7. 

038 11.04.2003"l7;51:22 

088-Cryo-PROV 

betaine, water-channeling proteins, etc. Thus, the approach of the present Invention to confer 
tolerance to environmental stress conditions to plants can be combined with known 
approaches which Include Introduction of various stress tolerance genes. Combination of these 
approaches may have additive and/or synergic effects in enhancing tolerance or resistance 
5 to environmental stress. 

The methods of the present invention to create plants with enhanced tolerance to stress can 
also be combined with other traits of interest for example:- 

(I) herbicide tolerance (DE-A 3701623; Stalker, Science 242 (1988), 419) 

(it) insect resistance (Vaek, Plant Cell 5 (1987), 159-169) 
10 (III) virus resistance (PoweH, Science 232 (1986), 738-743; Pappu, World Journal of 

Myology & Biotechnotogy 11 (1995), 426-437; Lawson. Phytopatho.ogy 86 (1996) 56 

(iv) ozone resistance (Van Camp, Biotech. 12 (1994), 165-168), 

(v) Improving the preserving of fruits (Oeller. Science 254 (1991) 437-439) 

15 (vl) improvement of starch composition and/or production (Stark. Science 242 (1992) 
419; Vlsser, Mol. Gen. Genet 225 (1 991), 289-296), 
(vii) altering lipid composition (Voelker, Science 257 (1992), 72-74), 
(vlll) production of (bio)polymers (Polrer, Science 256 (1992), 520-523) 

70 T JOT*" ° f * e fl ° Wer ° 0toUr ' 6 9 - bV manf P u '^9 the anthocyanfn and flavonoid 
20 b,osynthetlc pathway (Meyer, Nature 330 (1987). 667-678. WO90/12084) 

(x) resistance to bacteria. Insects and fungi (Duering, Molecular Breeding 2 (1998) 
297-305; Scatter, Bio/Technology 13 (1995) , 1085 _ 1089: Estr J h ' ^ 
Biotechnology 15 (1997), 137-141). 

(XI) alteration of alkaloid and/or cardia glycoside composition 
25 (xii) inducing maintaining male and/or female sterility (EP-A1 0 412 006; EP-A1 0 223 
399; W093/25695); ' fcK M 0 223 

(xiii) higher longevity of the inflorescences/flowers, and 

(xiv) abiotic stress resistance, otherthan temperature stress 

30 Description of the figures: 

The present invention wil, now be illustrated with reference to the following figures; 



35 



Rg 1: Cold sensitivity of the wild type (wt) yeast strain compared to the gpd i mutant ^ 
ce..s were grown on YPD (top row) or on SD medium (bottom row) at 30»C (corZ InZ, f 
at 10°C (middle column) or at 15 'Cftonrin^ tp, ^ ' * C °' Umn) ' 

tothegpdl strain. ° ^ P ^ ^ e ^ -"owed reduced growth compared 
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Fig.2: Cold tolerance of the wild type yeast strain transformed with the CRY01, CRY02, CRY03, • 
CRY04 or CRY05 gene, compared to the wt yeast strain transformed with an empty vector 
(pYPGE@). (a) Enhanced growth after 10 days at 10°C of the yeast cells transformed with the 
CRY01, CRY02 or CRY03 genes, or after 14 days for yeast cells transformed with the CRY04 
5 gene, (b) Enhanced growth of the yeast cells transformed with the CRYOS gene compared to wild 
type yeast transformed with an empty vector (pYPGE). The two left panels are controls grown at 
30°C on YPD medium or SD medium- The two right panels show growth of the same yeast 
strains grown at 1 0°C on YPD medium or SD medium. 

10 Fig.3: Alignment between sequences of CRYQ1 and CRY02 from sugar beet and their 
homologues in Arabidopsis and yeast. At= Arabidopsis thatiana. Bv= Seta vulgaris and Sc= 
Saccharomyces cerevisiae. 

Fig.4: Alignment between the sequences of CRY03 and homologous proteins from various 
15 organisms, showing a high degree of conservation among the different species. At= 
Arabidopsis thaliana; Bv= Beta vulgaris: Mm* Mus muscutus; Hs= Homo sapiens; Sp= 
Schizosaccharomyces pombe. 

Fig. 5: Southern blot with a CRYQ1 and CRYQ2 probe on genomic sugar beet DNA. Enzymes 
20 used were BarnHl, Hindttl and EcoRI. 

Fig. 6: a) Northern blot with a CRY02 probe. Different tlmepoints (in hrs) after treating the 
sugar beet plants with 250 mM NaC) are indicated, ctytubulin was used as control, b) Northern 
blot with a CRY02 probe. Different timepoints (in hrs) after treating the sugar beet plants with 
25 100 fiM ABA are indicated. a 3 -tubulin was used as control. 

Flg.7: Growth of wild type yeast (upper row) and yeast transformed with the CRYQ5 gene 
(bottom row) on YPD (left pane]) and YPD supplemented with 1 mM tert-butyl hydroperoxide 
(right panel). 

30 

Examples 1 

Unless stated otherwise in the Examples, all recombinant DNA techniques are carried out 
according to standard protocols as described in Sambrook et aL (2001) Molecular Cloning: A 
Laboratory Manual, Third Edition, Cold Spring Harbor Laboratory Press, NY and in volumes 1 
35 and 2 of Ausubel et al (1994) Current Protocols In Molecular Biology, Current Protocols, USA. 
Standard materials and methods for plant molecular work are described in Plant Molecular 
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Biology Labfax (1993) by R.D.D. Croy. jointly published by BIOS Scientific Publications Ltd 
(UK) and Blackweli Scientific Publications, UK. 

Example 1: Construction of a sugar beetcDNA library induced by salt stress- 
5 Sugar beet seeds (Beta vulgaris cv. Dita) were sown in pots^ntaining a Sre^fJand and 
vermiculite (1:1 w/w). The plants were grown under greenhouse conditions (8 h at 20°C. 16 h 
at 25»C with supplementary lighting to ensure a minimum of 12 h photopertod). The plants 
were periodically Irrigated with a nutrient solution (2.4 g/l Ca(N03) 2 4H 4 O, 1 g/I KNO a 1 g/| 
MgS0 4 7H 2 0, 0.3 g/I KH,PO., 5.6 mg/l Fequelate (Kelarrtren, Bayer), 1.1 mg/l ZnS0 4 7H 2 0 3 3 
mg/l Mn0 4 H 2 0, 0.3 mg/l CuS0 4 5H 2 0, 3.8 mg/l H 3 BO a , 0.18 mg/l (NH^SMo^O) For the 
construction of the cDNA library, 3-week old plants wens Irrigated with 200 mM NaCI for 24 h 
before harvesting. 



)0 



15 



D,rectionaI cDNAs were synthesized (cDNA synthesis kit, Stratagene) with poly(A) + rna 
prepared from leaves of salWreated sugar beet plants. cONAs were ligated Into phage ^PG15 
vector and packaged with Gigapack III gold packaging extract (Stratagene). A plasmid cDNA 
library was recovered from >IPG15 by the cra-lox recomblnase system (Brunelli and Pall, 
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Example 2: Setup of a screening assay: 

The yeast strains used in this work were the wild type diploid strain W303/W303 (c a n1-100 Ms 
^11,15,^2-3,112, trp1-1,ura3-1.GAL + ) (WT) and a mutant deficient for glycerol phosphate 
dehydrogenase (g P d1 ). A diploid strain from two gpdl mutant strains (YRA1 1 1 (W303-1 A mat a 
gpdl ::TRP1) and YRA1 14 (W303-1A gpd1,TRP1 mat «)) was constructed. The dlp.old strains 
were used because these prevent the isolation of recessive chromosoma! mutations which 
rmght g,ve tolerance to cold stress. The strains were grown on YPD medium (2% glucose 2% 
peptone, and 1 % of yeast extract) or on 3D medium (2% glucose, 0.7% yeast nilgen base 
(D-fco) wrthout amino acids, 50 mM MES t2-(N.morphol,no)-ethanesu,fonlc acid] adjusted to 
PH 5.5 wrth Tris, and the required amino acids, purine and pyrimidine bases) 
In a first step, the sensitivity to cold of the WT diploid strain was compared with that of the 
gpdl mutant strain. It was assumed that the production of glycerol could be a response against 
cold stress. Growth was monitored under cold stress conditions. Yeast strains were grown until 
statonary phase and 20 m of 1/10, 1/100 and 1/1000 dilutions of the culture were spot on both 
YPD and on SD medium at a temperature of 15 or 1 0 »C for 10 to 14 days, and at 30'C for 2 
days as a control. 10>C was tha lowest temperature measured that aUowed growth of the WT 
stra,n. Surprisingly, the gpdl strain was shown to be cold tolerant whereas the wild type was 
cold sensitive (Fig. 1). This allowed the use of the WT strain for screening genes that could 
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confer cold tolerance, while the gpdl strain could serve as a standard cold tolerant yeast strain 
for comparative studies. 



In a second step, the best conditions for transformation were determined. At the end the best 
5 protocol was: 300 ml YPD medium was inoculated with 30 pi of a saturated preculture of WT 
cells. The culture was grown overnight until an OD S60 =0.8, and centrifuged at 2000 rpm. The 
cells were subsequently washed with water and AcUTE solution (0.1 M lithium acetate, 10mM 
Tris-HCI pH 7.6 and 1 mM EDTA (Ethylene diaminetetraacetic acid, disodium salt)). Next, the 
pellet of cells was resuspended in 2 ml of AcUTE solution, incubated during 15 minutes at 
10 30°C while shaking, whereafter 200 of ssDNA (10 mg/ml) was added. The ceil suspension 
was divided in 110 pJ aliquots in an Eppendorf tubes, and 200 ng of cDNA library was added. 
The heat shock transformation according to Gietz et al. (Nucleic Acids Res., 20 1425, 1992) 
was used: in brief, 500 p| of PEG-AcUTE solution (AcUTE solution with 40% w/w of PEG 
(Polyethyleneglycol) 4000) was added to each aliquot. After mixing, the aliquots were 

15 incubated for 30 minutes at 30°C and next for twenty minutes at 42°C; then the cells were 
harvested and resuspended in 200 jil of 1M sorbitol. Two aliquots were plated in 14 cm 0 Petri 
dishes with SD agar and all the necessary supplements except tryptophan (marker for the 
gpdl mutation), and uracil (marker for the plasmid). To quantify the efficiency of the 
transformation, four 55 aliquots were kept separately from the original cell pellet and were 

20 Inoculated with 0, 10, 50 and 100 ng of cDNA library. Then the same transformation protocol 
was applied, at the end the cells were resuspended in 100 jil of sorbitol and plated in 7 cm 0 
Petri dish containing the same SD medium. The average yield was about 60 colonies per ng of 
cDNA In addition it was observed that transformation with competent cells that had been 
frozen, or transformation tn one large-scale reaction instead of many small-scale reactions 

25 dramatically decreased the yield of the transformation. 



Example 3: Isolation ofCRYO genes: 

The cDNA library constructed in PYPGE15 was used to transform the yeast WT strain W303 
by the LiCI method (Nucleic Acids Res., 20 1425, 1992). Transformants were selected on SD 
plates with leucine and adenine by uracil prototrophy. Three days after transformation colonies 
appeared In the Petri dishes. The colonies were harvested in sterile water and the number of 
cells quantified by plating different dilutions. On average a 10-fold higher concentration of cells 
than recovered from the transformation plates was plated on YPD and SD medium. Then the 
plates were left In a 10°C Incubator and colonies able to grow after eight days were selected. 
Next the tolerance of the colonies isolated in the first round was re-checked and those not 
giving significant tolerance were discarded. From the remaining colonies, the plasmid was 
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eliminated by selection in minimal medium for analysing whether the tolerance was dependent 
on the plasmid. As a final confirmation, the plasmid was recovered from the colonies that were 
able to pass the previous controls, transformed into a wild type strain and again a selection for 
those clones giving tolerance was performed. The results obtained are summarised in Table 1 : 

Table 1: Summary of the screening procedure for the selection of cold tolerant yeast 
transformants on YPD or SD medium. 



Transformants 


Number of colonies (YPD) 
2254000 


Number of colonies (SD) 
S254000 


r° l round isolated 
Positives confirmed by 
retransformation 


68 
16 


17 
S 



The reconfirmed positive clones were sequenced and ft was shown that they encoded different 
genes, among those were the genes named CRY01, CRY02, CRY03, CRY04 and CRYOS 
(for cryo-tolerant). Table 2: 



Table 2: 



Clone 
CRYQ1 



Independent isolations 



Highest degree of homology to: 



thaHana < Af > PwteS of unknown function. DID1 
{ZjNt-ff from yeast 



15 



20 



CRYQ3 
CRYQ4 



[ CRYQ5 



At protein of unknown function. Isofomi of CRYOT 
At Protein o f unknown function. D/D2 from yeast ~ 



Yeast SEC17 



R ing finger domain protein 



The genes encoding CRY01 to CRYOS proteins conferred cold stress tolerance when 
transferred into yeast (Fig. 2). 

CRY01 was found to be homologous to the yeast DID1 protein and. upon further analysis of 
the homology data, was shown to have significant homology (< 9 o%) to the Arabidopsis 
thaffana putative proteins gi/15233464 and gi/15224854 (shown in Ftg. 3). According to the 
-nvention, these putative Arabidopsis proteins were named AtCRYOI and AtCRY02 
respectivefy. 



CRYQ3 is also conserved in Arabidopsis. with three putative proteins annotated in the 
database as At1g73030, At1g17730 and At4g17680. sharing more than 90% of homology 

^' n9 t0 ^ inVenti0n ' *~ PUtatfVe P»**ns were named AICRY03 

AtCRY03.2 and AtCRY03.3 respectively. CRY03 is a.so conserved in humans, and mice as 
shown in the pile-up of Fig. 4. 
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Example 4: Southern blotting reveals more than one isoform in sugar beet 

In order to confirm the presence of CRYOI and CRY02 in the sugar beet genome and to 
estimate the number of genes encoding the haemoglobin in this plant species, a Southern blot 
analysis was performed. Genomic DNA was prepared from leaves of 3-week old sugar beet 
5 leaves (Rogers SO and Bendich AJ, Extraction of total cellular DNA from plants, algae and 
fungi (Eds) Plant molecular biology manual, Kluwer Academic Publishers, Dordrecht, 
Netherlands, 1994). 5 mg of DNA were digested with BamHI, H/wflll or CcoRI, 
electrophoresed In 0.8% agarose gel and blotted onto a nylon membrane filter (Hybond N+, 
Amersham Life Science). The membrane filter was hybridised with a 32P-labelled probes for 
10 CRYOI and CRY02. Hybridisation and washes were carried out under high stringency 
conditions (65°C) (Church GM and Gilbert W., PNAS USA 81: 1991-1995 1984). The presence 
of several hybridisation fragments in all lanes, independent of the restriction endonucleases 
used to digest the genomic DNA, suggests that there are several isoforms in the genome, 
especially for CRY02 (Figure 5). 

15 

Example 5: CRY02 is not induced by NaCI and ABA in sugar beat 

In order to investigate whether CRY02 also participates in the response of sugar beet plants to 
salt stress, the accumulation of CRY02 mRNA in response to various exposure times to NaCI 
was analysed using northern blot analysis. Total RNA was isolated from control, 250 mM Na* 

20 or 100 mM ABA -treated sugar beet leaves as described by Davis et al. (Basic methods in 
Molecular Biology. Elsevier. Amsterdam pp.143-146 1986). 30 mg of total RNA were 
separated on a 1% agarose get containing 2.2% formaldehyde and blotted onto a nylon 
membrane filter (Hybond N, Amersham Life Science). Hybridization using the above described 
probe. The CRY02 specific probe showed only one band that corresponded to the size of the 

25 CRY02 cDNA The filter was washed twice with 4X SSC buffer (0.6 M NaCI, 0.06 M trisodium 
citrate adjusted to pH 7 with HCl), 0.1% SDS for 5 minutes and twice with 0.4X SSC, 0.1% 
SDS for five minutes at 65°C. The same filter was ne-hybridized with a 1.9 kb EcoRI fragment 
comprising the cfc-tubulin gene of Arabidopsis thaliana (Ludwig et al., PNAS 84 5833 - 5837, 
1987). As shown in Figure 6a the CRY02 mRNA did not accumulate with time upon NaCI 

30 treatment. Similarly, no induction of CRV02 after 3 hours of ABA treatment was observed 
(Figure 6b). 

Example 6; CRY05 gives also tolerance to oxidative stress. 

A dilution series of W303 pYPGECRY05 and wt yeast (control) was plated on YPD medium 
35 with 1 mM tert-butyl hydroperoxyde (t-BOOH) and tested for tolerance to oxidative stress after 
2 and 4 days. 
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The yeast done with CRY05 had a strong t-BOOH tolerance phenotype and the phenotype 
was very reproducible: at a concentration of 1 mM t-BOOH, controf yeast cells did not grow at 
all, whilst yeast cells overexpressing CRY05 did (Fig. 7). 



5 The definition of a strong phenotype is based on drop test experiments. Different dilutions of 
saturated cultures (1:10. 1:100, 1:1000) were made and these were grown on selective media 
(YPD with 1 mM t-BOOH). "Strong phenotypes" were those clones that grew well in all the 
dilutions assayed. With "no strong phenotypes" is meant that the clone does not grow in all 
dilutions. The control cells expressing the empty plasmid did not grow at all in the selective 
10 media. 



15 



Example 7: construction of cold tolerant plants: 

Plants are transformed with at least one of the CRYO genes In an expressible format under 
control of a constitutive or inducible promoter, using standard techniques. 



Example 8: Testing of cold tolerant plants: 

Transformed plants are tested by subjecting the plants to cold stress during a sufficiently long 
time period. When compared to the same untransformed plant line, the transformed lines show 
a better growth during stress conditions and/or better recovery after stress conditions and/or 
20 higher yield (biomass and/or harvestable parts). 
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Claims 

1 . Screening method for Identifying nucleic acids capable of modifying tolerance or resistance 
to stress conditions in plants, said method comprising the steps of: 

(i) providing a cDNA library of coding sequences from salt-treated plants; 

(ii) Introducing these coding sequences in an expressible format into yeast cells; 

(iii) growing the yeast ceils under conditions of stress other than salt stress; 

(iv) identifying differences between the transgenic yeast cells and wild type yeast 
cells, preferably Identifying differences in growth rate; 

(v) Isolating nucleic acids from the transgenic yeast cells that differ from the wild 
type yeast cells. 



2. Method according to claim 1, wherein said yeast cells are Saccharomyces cerevisiae yeast 
cells, preferably SaccAa/omyces cerevisiae W303 yeast cells. 

15 3. Method according to claim 2, wherein said salt treated plant is a halophytic plant or a part 
thereof, preferably Beta vulgaris or a part thereof. 

4. Method according to claim 2 or 3, wherein the stress condition under which the yeast cells 
are grown is selected from temperature stress, drought stress, osmotic stress or oxidative 
stress, preferably said stress condition is cold stress. 

An Isolated nucleic acid selected from: 

(i) a nucleic acid encoding a protein as given in any one of SEQ ID NO 2. 4. 6, 8 or 10; 

(ii) a nucleic acid as given in any one of SEQ ID N0 1, 3. 5, 7, 9, or the complementary 
strand thereof; 

nucleic acids which are allelic variants to the nucleic acids defined in any of (i) to 



20 



25 



30 



35 



(III) 
Ov) 
(v) 



("); 

nucleic acids which are splice variants to the nucleic acids defined in defined in any 
one of (i) to (iii), and; 

nucleic acids which hybridise, preferably under stringent conditions, to 
polynucleotides defined in (i) to (Iv); 

a portion of a nucleic acid according to any of (i) to (v), which portion preferably 
encodes a protein having similar functional activity to the full length sequence. 

6. An isolated protein selected from the group consisting oft 

<a) a polypeptide as given in any one of SEQ ID NO 2, 4, 6. 8 or 1 0, 
(b) a polypeptide encoded by a nucleic acid as defined in claim 5, 
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(c) a homoiogue, a derivative, an immunologically active and/or functional fragment 
of a protein as defined in (a) or (b). 

7. A genetic construct comprising: 
(0 an isolated nucleic acid obtainable by the screening method of any of claim 1 to 4, 

preferably a nucleic acid encoding a protein according to claim 6; 
(iO a regulatory element operabfy linked to the nucleic acid of (i). which regulatory 

element is preferably a plant expressible promoter and optionally 
(ill) a transcription termination sequence. 

8. A method for increasing stress tolerance of plants or yeast, comprising modulating 
expression in a plant or yeast of a nucleic acid as defined in claim 5 and/or modulating 
activity rn a plant or yeast of a protein as defined in claim 6. 

15 9. Method of claim 8, wherein said modulating expression comprises introducing Into a plant 
or yeast a nucleic acid encoding a protein according to claim 6. 



10 



20 



25 



10 Method of claim 8 or 9, wherein said stress is at .east one of temperature stress, osmotic 
stress, drought stress or oxidative stress, preferably cold stress. 

1 1. A method tor producing a transgenic plant having modified tolerance to stress reiative to 
corresponding wild type plants, which method comprises the steps of: 

0) introducing into a plant ceil a nucleic acid encoding a protein according to claim 6- 
and ■ 

(B) cuftivating said plant cel. under conditions promoting regeneration and mature 
plant growth. 

1Z ^T; to TI part or p,ant or vea8t °* obte,ned by the method acco ^ to «» <* 

13. P,ants or yeast tolerant to environmental stress, preferably cold stress, which p.ants or 
yeast have elevated levels of a protein as defined in claim 6. 

35 ^27^ 7* ^ ^ Pr0P89ati0n materi * or progeny of a plant 

35 according to claim 12 or 13. ^ 
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15. A host cell comprising an isolated nucleic acid encoding a protein according to claim 6, 
wherein said host cell is a bacterial, yeast, fungal, plant or animal cell. 

16. The use of a nucleic acid encoding a protein according to claim 6 for modifying stress 
5 tolerance in yeast, a plant, plant part or plant cell, preferably said stress is at least one of 

temperature stress, osmotic stress, drought stress or oxidative stress. 

17. The use of a nucleic add according to claim 5 as a selectable marker in plants or other 
organisms. 

10 

18. Method for increasing cold tolerance of yeast cells, comprising modulating expression in 
yeast of a nucleic acid encoding a glycerol phosphate dehydrogenase and/or modulating 
activity of a glycerol phosphate dehydrogenase, 

15 19. Method of claim 18, wherein said expression is downregulated or Inhibited. 

20. Use of the gpdl gene for altering stress tolerance of yeast 
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Abstract 



Stress Tolerance 

A method is presented for selecting and Isolating nucleic acids capable of conferring tolerance 
5 or resistance to environmental stress conditions in plants or yeast. Furthermore, nucleic adds, 
the proteins they encode and their use for the production of plants or yeast with enhanced 
environmental stress resistance is disclosed. 
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AtCRYOl 
AtCRY02 
BvCRY02 
BvCRYOl 
scdidl 



-MMNRLFG.K PKQ*EA. .HA LQTLDKLNET LEMLEKKEKV 
MFMNRLFG • BC PKQ,ET,-ST LQTL'LDKIiNET LEMLEKKENV 
-MFTRVFG.K PKEGTT..SA VATLDKLSET LEMLEKKBQV 
-MFSRLFGAK SRDAATTETT iSTLEKLNET LEMLEKKEQL 
-MWSSLFGWT SSNAKNKESP TKATVRLRER INLLSKKQSH 



AtCRYOl 
AtCRY02 
BvCRY02 
BvCRYOl 
Scdidl 



51 

KAKEYSRAKN 
KAKEPSRAKN 
KAKEFTRAKN 
KAKfiFTRAKN 
EARXFLTKGN 



KRAA1QCLKR 
KRAAIQCLKR 
KRAAITCLKR 
KRAAIQCLKR 
KVMAKNALKK 



KRLYEGQVEQ 
KRliYEQQVEQ 
KRLYEQQIEQ 
KRLYEQQVEQ 
KKTIEQLLSK 



LGNFQLRIHD 
LGNFQLRXHD 
LGNMQI»R£HD 
VGWFQIjRIHD 
VEGTMESMEQ 



50 

LLKKAGAEVE 
LIjKKATGEVE 
LIiKKAGAEVE 
LMKKATAEVE 
IiRTQITWQEN 

100 

QMIMLEGAKA 
QMIMLEGAKA 
QMILLEGAKA 
QIIMLDSAKA 
QLFSIESANL 



AtCRYOl 
AtCRY02 
BVCRY02 
BVCRYOl 
Scdidl 



101 

A- TNIDDVDK TMDEINBQTE NMKQIQEALA 
TTETVDAIiRX GASAMKAMQK A. TNIDDVDK TMDEINEOTF MM^rtTnpnTcT 

TTETVAALRS SASAMKAMQK A. TNIDDVDK TMDSINEQTD SJrSS^ 
NLETMRAMQE GAKAMKTIH. SGLDIDKVDE tSsiSe SSdAIS 
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• 1 50 

AtCRY03 . 2 — MGNTOKLM NQIFELKFTS KSLQRQARKC EKEERSEKLK VKKAIEKGNM 
AtCRY03.1~~MGNTDKLM NQIFELKFTS KSLQRQARKC EKEERSEKLK VKKAIEKGNM 
AtCRY03 --MGWTDKLM NQIFDLKFTS KSLQRQSRKC EKEEKAEKLK VKKAIEKGNM 
BVCRY03 MGNTEKLM NQIMELKFTS KSLQRQSRKC EKEEKAEKLK VKKAIEKGNM 

D6CRY03 ME NQLFQLKFTS KQLEKQSKKS EQSEKAQK1K LKKAIEQGWM 

MmCRY03 "*MD DTLFQLKFTA KQLEKLAKKA EKDSKAEQAK VKKALQQKNV 

H5CRY03 — MD DTLFQLKFTA KQLEKLAKKA EKDSKAEQAK VKKALLQKNV 

5CCRYC-3 MSRNSAAGLE NTLFQLKFTS KQLQKQANKA SKEEKQETNK LKRAL.NENE 
SpCRY03 , — — ~ MSL SMWFFTAHLS IAIAXTKGNS 

5* 200 
AtCRY03.2DGARIYABNA IRKRSEQMNY LRLSSRLDAV VARLDTQAKM AT I TKSMTNI 
AtCRY03.1DGARIYAENA IRKRSEQMNY LRLSSRLDAV VARLDTQAKM AT I TKSMTNI 
AtCRY03 DGARIYAENA IRKRSEQMNY LRLASRLDAV VARLDTQAKM TT I TKSMTNI 
BVCRY03 DGARIYAENA IRKRTEQMNY LRLASRLDAV VSRLDTQAKM QTIGKSMGSI 
DaCRYG-3 DGARIYAQNA IREKNQSLNY LRLA5RIDAV ASRVETAIRM KSVTGSMANI 
MmCRYOS ECARVYAENA IRKKNBGVNW LRMASRVDAV ASKVQTAVTM KGVTKNMAQV 
HaCRYOS ECARVYAENA IRKKNEGVNW LRMASRVDAV ASKvStAVTM KGVtSS 
SCCRYD3 DISRIYASNA IRKKNERLQL LKLASRVDSV ASRVQTAVTM RQvIaSMgSv 
SpCRYOS EIARI YASNA IRKQQESLNL LKLSSRIDAV SSRLQTAVTM RAVSGNMAGV 

101 

AtCRY03 . 2VKSLBSSLTT GNLQKMSETM DSFEKQFVNM EVQAEFMDNA MAGSTSLSTP 
AtCRYOS.lVKSLESSLTT GNLQKMSETM DSFEKQFVNM EVQAEFMDNA MAGStSsJp 
AtCRYOS VKSLESSLAT GNLQKMSETM DSFEKQFVNM EVQAEFMENA mSSSp 
B n°n^o V* 5 ™ 35 ™* GNLQKMSETM ONFEKQFVNM EvSaefMBSS MAGStIlIS 
2S?S VKSMEKSMRN MDLBKITQVM DQFERQFEDL DVQ5VYVENA SqmSSJ 
MmDID2 TKALDKALSA MOLQKVSAVM DRFEQQVQNL DVHTSVMEDS VSsStmS 
HSDID2 TKALDKALST MDLQKVSSVM DRFBQqVqW DVHTSVMEDS mSSwS 
SCDID2 CKGMDKALQN MNLQQITMTM DKFEQQFEDL DtSvNVYeSm SSJ 
SPDID2 VRGMDRAMKT MNLEMISQVM DKFEAQFDDV NVQTGYMNKA MGSVTXVDTP 

151 

AtCRY03 . 2EGEVNSLMQQ VADDYGLE V . .SVGLPQ.PA GHAIPTKTEE KVEEnnr too 
ACCRY03 . lEGEVNSLMQQ VADDYGLE V. .SVGLPQ.PA GHAIpJS K^EDdSS 
AtCRYOS EGEVNSLMQQ VADDYGLEV. .SVGLPQ.PA gSiPTKTEE K^EDdS^ 
BVCRY03 ETEVNSLMQQ VADDYGLEG. -SVGLPq\aA GHAIPV^ P KAaSdS 
DeOID2 ADQVDLLISQ VADEHGL. . . .NVGMQM. . GSA PSEKVO OGrprw^TPD 
MmDID2 QEQVDSLIVQ IAEENGLEVL D..QLS^LPE GASAvlSXS RsSSSsS 
HSDID2 QEQVD5LIMQ IAEENGLEVL D . . QLSQLPE GASAVGESSV 
S KVDBU,8K QSAKLDNVPE .IKA^SSvD 

SpDID2 QEDVDLLMQT VADEAGLEFN QNMNNNLSVP AASVPTPAAP . VEDDNLQER 
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SEQOENCE JESTING 

<110> CropDesign N.V\ 
<120> Stress tolerance 
<130> 088-Cryo-PROV 
<X60> 10 

<170> Patantln version. 3.1 

<210> 1 

<211> 1344 

<212> DNA 

<213> Beta vulgaris 

<220> 

<221> CDS 

<222> (220).. {894) 

<223> 

<220> 

<221> raisc_feature 

<222> (3) -.(3) 

<223> unknown nucleotide 

<400> 1 

cgnctgeagg aatLcggcac gagtttcgaa gtacccaaga ctccaagaga ggacgaactt 60 

cagtttctct ctcclcgaaa tcctaattct ctctgctcaa atccctaatt ccctctcctc 120 

aegategtag agtctctgtt tttcactgta taaatotatt caaacaattt tcLctctcct 18 0 

attatttcaa tttcggttfcg ctaaLtcaag gtgaatcaa atg beg gca aat atg 234 

Met Ser Ala Asn Met 
1 5 

Page 1 
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ttt tec aga ctt ttt ggt get aaa tct cgt gat gca cct act act gag 292 
Phe Scr Arg Leu Phe Gly Ala Lys Scr Arg Asp Ala Ala Thr Thr Glu 
10 15 20 

act act tt8 tct aca tta gag aaa ttg aat gag aca ctt gaa atg eta 330 
Thr Thr Leu Ser Thr Leu Glu Lys Leu Asn Glu Thr Leu Glu Met Leu 
25 30 35 

gag aag aaa gag cag ctt eta atg aaa aag get act gca gaq gtt gaa 378 
Glu T.ys Lys Glu Gin Leu Leu Met Lys Lys Ala Thr Ala Glu Vel Glu 
40 45 SO 

aag gec aaa gag ttc aca agg gca aag aat aaa cgt get get ata caa 426 
Lya Ala Lys Glu Phe Thr Arg Ala Lys Asn T.ya Arg Ala Ala lie Gin 
55 60 65 

tgt tta aag agg aaa agg tta tac gaa cag caa gtc gag cag gtt qqg 474 
Cys Leu Lya Arg Lys Arg Leu Tyr Glu Gin Gin Val Glu Gin Val Gly 
70 75 80 85 

aat ttt caa eta cga att cat gat cag ate ata atg ctt gat tct qca 522 
Asn Phe Gin Leu Arg He His Asp GJn II© He Met Leu Asp Ser Ala 
9° 95 100 

aaa gca acg aca gag aca gtt get gca ttg aga tct ggt get act act 570 
Lys Ala Thr Thr Glu Thr Val Ala A3 a Leu Arg Scr Gly Ala Ser Ala 
105 HQ us 

atg aag get atg cag aaa gca aca aac att gat gat gtg gac aaa aca 618 
Met Lys Ala Met Gin T,y« Ala Thr Asn He Asp Asp Val Asp LyI Thr 
120 125 3 30 

atg gat gag ate aat gag cag ace gat aac ttg aga cag ata cag gag 666 
Met Asp Glu lie Asn Glu Gin Thr A sp Asn L«2 Arg Gin He Gin Glu 
135 140 145 

gca eta get act cct gtt ggt gca act gat ttt gat gaa eat aaa ttrt -n a 

Ala Leu Ala Thr Pro Val Gly Ala Thr Asp Phe Asp Glu f£ SS Leu " 

155 165 

3? fc H? g f fct: g f a gaa ctt aaa 9ga 3Ct gag ttg gag gaa caa ctt 7 6? 

Glu Ala Glu Leu Glu Glu Leu Glu Gly Ala Glu Leu Glu I" Gin Leu 
170 175 180 

eta caa cca ttt aca act gec cct acg gca cca att cat gtt cca aaa 8 in 

Leu Gin Pro Phe Thr Thr Ala Pro Thr Ala Pro Tie Sis Val Pro Gil 
185 190 195 

ggc aag ctg cca gca agg cca aca ccc caa aag aac tct gag gaa gat 858 
Gly Lys Leu Pro Ala Arg Pro Thr Pro Gin Lyl Asn Ser Gil G?u ffi * 

205 210 

gaa etc get gcg tta caa gca gaa atg gca ctt taa aaaettt-tft- on . 
Glu Lew Ala Ala Leu Gin Ala Glu Met Ala Leu a 99«« tttc t 904 
215 220 

LUtttcatgt ttataatcat gtccoaaaga aatggaaacg ggctggaaaa aggaaaaggc 964 

aaaggaaaag aaaaggaaaa gaaaaagatt gaaaatcttt att-jattgat ggtggtatat 1021 

ttaagtattg agtgttgata gcatettgtt gtcatgtact atatgectat atggagteec 1084 

tgttattaat Lggtaatgtt aatgeaaata ttgtctatac cattgaLgaa caaagatggg 1144 

Page 2 



03 17:59 PAX 3292415088 



CROP DESIGN N. V r 



m-i ,, „ @013/029 
013 11.04.2003 17:59 



088-Cryo-PROV2 . ST25 . -xt 
ggctgtaaac tcttggttgt tttttcgttt ttcaatttct tgttttcgtt tttatttttc 1204 
agtcacctac tggttctagt g ac tggtgac aattgcfcgta cagagatttt gttgcaottg 1264 
agctgctggt caacagacta tgcagactgt cagatttata aaatcagaaa gctggcaaaa 1324 
aaaaaaeeaa aaaactcgeg 



1344 



<210> 2 

<211> 22<J 

<2l2> PRT 

<213> Beta vulgaris 

<220> 

<221> mxsc^foature 

<222> {3) . . (3) 

<223> unJcnown nucleotide 

<400> 2 



Met sar Ala A Sn Met Phe Ser ^g Leu ^ Gly Ala Lys ger 

15 

Ala Ala Thr Thr Glu Thr Thr len o-^ _ 

20 || r Thr Leu Glu ^Y 3 ^eu Asn Glu 



30 



ttr L«u Glu Met T* u Glu Lya T,y* Glu Gin f, 



40 



QU Leu Met Lys Lys Ala 



45 



Thr Ale Glu val Gl„ Lya Ala Lya ciu P te te ^ Ala lys Asn Lyg 

60 

Arg Ala *i a Ha sin Cya Leu Lys ^ Lys ^ ^ ^ ^ ^ 

73 80 
VaX G1 U G i„ val Gl y A3 n Phe Sln Leu ^ g a . flis ^ ^ ^ 

Met Leu Asp Sor Ala Lys Ala Thr Thr Glu Thr Va i ai, m r 

100 lie *" ,u inr vai Al * Ala Leu Arg- 

105 110 s 

So* Gly J. Ser Ala Mat Lys ji M&t Gln Lys Ma Thr ^ ^ 

A4U 125 

**P JJl Asp Lys . rhr Mefc Glu rLe ^ ^ ^ 



140 
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11/04 '03 17:59 FAX 3292415089 



CRQ PDESJ GN N.V. 



@ 014/029 

014 11.04*2003 18:00:1 



088-Cryo~PROV2 . ST25 . t>:t 

Arg Gin lie Gin Glu Ala Leu Ala Thr Pro Val Gly Ala Thr Asp Phe 
145 150 155 160 

Asp Glu Asp Glu Leu Glu Ala Glu Leu Glu Glu Leu Glu Gly Ala Glu 
165 170 175 

Leu Glu Glu Cln Leu Leu Gin Pro Phc Thr Thr Ala Pro Thr Ala Pro 
180 185 190 

lie His Val Pro Glu Gly T.ys Leu Pro Ala Arg Pro Inr i?ro Gin Lys 
195 200 205 

Asn Ser Glu Glu Asp Glu Leu Ala Ala Leu Gin Ala 31o Met Ala Leu 
210 215 220 



<210> 3 

<211> J 341 

<212> DNA 

<213> Beta vulgaris 

<Z20> 

<221> CDS 

<222> (313) . - (777) 

<223> 



<220> 

<221> znisc_Ieature 

<222> (934) . . (934) 

<223> unknown nucleotide 



<400> 3 

cccgcctgca ggaattegge acgagagaaa acctgfccfcta tacttctcta etttgetttt 60 

Ctgttttggt tagccaacca atctaaccca gaattgataa tcccactctt caattccctc 120 

aaaatttttc ttccaaaa-tt catLCccact attttcagar atttcatcac taaeauctcc 180 

tcgagttoac ctaatcectc cattcttatu. tcctctcgga aaaaaaccla atcaatcaac 240 

tttacgcggt ttcattctcc gatctttttc gtttcctcgt aattttttao. cgatcaccca 300 

ttttcgttaa at atg ttt aca agg gtt ttc ggt aaa cct aag gaa gga aca 351 

Page 4 



01 * i, Al ©015/029 
01 5 U.04.2003 18:00:31 



„ _ _ 088-Cryo-PROV2.ST25.txt 

Met Pbe Th* Arg Val Dhe Gly Lys Pre Lys Glu Gly Thr 

1 5 10 

s a a «s is « a a a a is is a a a 355 

^ 20 25 



a a 5 a a a a a a a b a a; a a a 

J * 40 45 

a a e a ss a a a is a s a a a e a «« 

b a a a a a a a a a a a a a a a - 

a as a a s a a a a a a a a a 591 

is a e & ss a g a ~ E «. - - lfy ffi a 633 

iUU 105 

a a a e a a a a s a a a a «a a a 687 

120 125 

a a a a a a e a s a a a a a a a 735 

135 140 

K fi £ u c K S S J L c 15 IL* a E S£ 

tga gqatgac c tgaaagoag agcttgaaga gotaga8ggt gct?fadttga agaagcaact 
tatca g c= ca 9 cta Ctactg ecec tg c tgc acCag t gcat gct cct g c t9 gaaaacaacc 
t^ccoct gee**™ aa gaatactg cttgaana , 9 at gagotcg c W t 8eM 
9c agag at gg c Ccctgt9 a a a agttt ttct ggact999at aca<Jgagttg gtcttacatc 
aa ag tagct g t ataataago taattattat tgcttLgggt accacottta caggcacgta 
-achate acggat at tt ggtaataaaa tgtqcCgtgt aggtCgcgtg atgttgtfcga 
tt agg cc gta gttotoottg t g c Cagg tc t tg att gcaC c tUttotog. tgUuttte 
-g-ttotctt at aga catt g t aatttgcga caaaatatcg atcatLtffgfc aogagttaac 
ccttc^t* ^ a t a aaataca attcttgtat gactttattt taaccaaaaa 
aaaaaaaaaa aaaaactcga gggg- 



777 

837 
897 
957 
1017 
1077 
1137 
1197 
1257 
1317 
1341 



<210> 4 
<213> 154 
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11/04 -03 16:00 PAX 32 92415089 CROPPESIGN N . V. , ©016/029 

016 11.04*2003 18:00 



088-Cryo~PPOV2 . ST25 . cxt 

<212> PRT 

<213> Beta vulgaris 



<220> 

<223> mis cofeature 

<222> (934) (934) 

<223* unknown nucleotide 

<400> 4 

Met Phe Thr Arg Val Phe Gly Lys Pro Lys Clu Gly Thr Thr Ser Ala 
1 5 3 0 lb 

Val Ala Thr Leu Asp Lye Leu Scr Glu Thr Leu Glu ttet Leu Glu Lys 
20 25 30 

Lys Glu Gin Val Leu Leu Lys Lys Ala Gly Ala Glu Val Glu Lys Ala 
35 40 45 

Lys Glu Phe Thr Arg Ala Lys Asn Lys Arg Ala Ala lie Thr Cys Leu 
50 55 60 

Lys Arg Lys Arg Lou Tyr Glu Gin Gin Tic Glu Gin Leu Gly Asn Met 
65 70 75 80 

Gin Leu Arg lie His Asp Gin Met lie Leu T,eu Glu Gly Ala Lys Ala 
85 90 "* 95 

Thr Thr Glu Thr Val Asp Ala Leu Arg Ser Gly Ala Ser Ala Met Lys 
100 105 HO 

Ala Met Gin Lys Ala Thr Asn lie Asp Asn Val Asp Lys Thr Met Asp 
115 120 125 

Glu He Asn Glu Gin Thr Glu Asn Leu Lys Gin lie Gin Glu Ala Leu 
130 13b 140 

Ser Ala Pro Tie Gly Ala AJa Ala Asp Phe 
145 ISO 



<210> 5 

<211> 1019 

<212> DNA 

<213> Beta vulgaris 

Page 6 



11/04 03 ^M«IiMlliM CROPD BSI GN K.V. 



nn m ~ .00X7/020 
017 11.04.2003 18:01 



088-C2ryo-PKOV2 . ST25 . zxt 

<220> 

<221> CDS 

<222> (53).. (669) 

<223> 



<220> 

<2 2 1> tfiscJEea ture 

<22?.> (5) -.(5) 

<223> unknown nucleotide 



<220> 

<221> /n1 sc_f eature 

<222> (1003) (1001) 

<223> unknown nucleotide 

<400> b 

cccgnctgca ggaattegge ecgagegate tccccaatlc tccttctctc aaag atg 57 

Met 

a a a s a a a a a a a s a a a a 

10 15 

a a a a a a a a a a a e a a a a 153 

25 30 

is a a a b a a b a a e a a a a a - 

* 45 
gga get cge att tac gec gaa aac crea fl fi- . 

|jy Ala Ar g xi. ,yr La & C S2 Hi ^ jg? g -J "9 

& 60 65 

a a a a a a a a a a a a a ss a a 297 
a a a a a a a a a a a a a a a a 3 « 



75 ~ 80 

ate gga aaa teg ate 
lie Gly Lys Sex Met 
90 95 

a a a a a a a a a a a a a a a a 393 



100 105 " no 
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11/04 '03 18:00 PAX 3292415089 



CROPPESIGN N.V 



Si 018/029 
018 11.04.2003 18:01:27 



088-Cryo-PROV2.ST25, cxt 

atg teg gag aca atg gac aat ttt gag aag caa ttt gtt aat atg gaa 441 
Met Ser Glu Thr Mot Asp Asn Phe Glu Lys Gin Phc VaJ Asn Met Glu 
115 120 125 

gtt cag get gag ttt atg gag agt Let atg get ggg agt act teg ctt 489 
Val Gin Ala Glu Phe Met GJu Ser Ser Met Ala Gly Ser Thr Ser Leu 
130 135 140 145 

teg act ccc gaa ace gag gtt aat agt ttg atg cag cag gtg gcg gat S37 
Ser Tor Pre Clu Thr Glu Val Asn Ser Leu Met Gin Gin Val Ala Asp 
150 155 160 

gat tat ggc cut gag gtt tct gtg ggt ttg cct cag get get gga cat 585 
Asp Tyr Gly Leo Glu Va3 Ser Val Gly I.eu Pro Gin Ala Ala Gly His 
165 170 175 

get att cct gtt ecg aag gcg gcg gag aag gtt gat gag gat gat ctt 633 
Ala lie Pro Val Pro Lys Ala Ala Glu Lys Val Asp Glu Asp Asp Leu 
180 185 190 

acc agg agg etc gec gag etc aag get cga ggt Lga agtcaaaggt 679 
Thr Arg Arg Lgu Ala GJu Leu Ly3 Ala Arg Gly 
19b 200 

i 

aaaeaggtta aggttttatt gataatgttg tatagattat gagctttact gatgatcaac 739 

ecttegtgat atgggggtLt gatgataatt tgctcLatat tatggagatt tggagctttt 799 

ggaaccgata actgtggatg gtttaactat gtattatatt gtaLttgtct attggaaaaa 859 

aaaaaaaaaa aaaaactcga gggggggece ggtaccaaga tggcctttgg tgggttgaag 919 

aaggaaaeag acagaaacga cttaattacc tacttgeaoa aagcccgtga gtaeacaggc 979 

cccttttcct ttgtcgatat Cntgtaatta gttagggggt 1019 

<210> 6 

<211> 204 

<212> PRT 

<213> Beta vulgaris 



<220> 

<221> ittlsc_feature 

<222> (5) . . (5) 

<223> unknown nucleotide 

<220> 

<221> mis cofeature 

<222> (J001) . . (1001) 

<223> unknown nucleotide 
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11/04 '03 18:01 FAX 32A24150«n _ 
. ^^415089 CROPPBSIGN N .V, 

019 11 '04.2003 18:01:45 



<A0Q> g 0a8-Cryo-PROV2.ST25.txl. 

Met Gly Asn Thr Glu r.ys x,eu Met Asn CXn Tie Met Glu Leu Ly 9 Phe 



IS 



»r Ser Lye Ser Leu Ua Arg Gin Ser Arg Lys Cys Glu Lys Glu Glu 

25 30 

Lys Ala Glu Lys Leu Lys Val Lvs lvb ah n - 

35 * T*; 3 ,<,ys iUa xl e Glu ^ys Gly Asn Met 

Asp Gly Ala Ar 9 rie Tyr Ala Glu Asn Ala lie Arg r,y S ^ Thr Glu 
gfl **t Asn *yr Leu Arg Leu Ala Ser Arg L ?u Asp Ala Val ^ ger 



75 



80 



*ra Leu Aap Th r .i n A3a Lys Mat Gln ne ^ ^ ^ 

90 95 

Ser lie W L ys 8 *r Leu Glu Ser Ser r.cu As* Thx Gly Aan ^ ^ 

105 110 

Ly S Met Ser Glu Thr Met AS p Jen Phe GXu tys Gin g. Val ^ Met 

Gl« Val Gin Ala Glu Pho «£ Glu Sw Ser ^ ^ ^ ^ t ^ 

140 

JJ. s~ t „ 01 „ ^ G1 „ v , t _ ^ Met Gln val ^ 

i55 160 

^ ». ^ oly a Slu val ser Vsl lsu pro 81n ^ ^ 

1/0 175 



Hi, Ala He Pro val Pro Lys <** jj. Giu Ly3 Val Asp ^ ^ ^ 



190 



l>*0 Thr Arg Arg Lou Ala GJu Leu Lys Ala Arg Gly 

200 

<210> 7 

<211> 1510 

<212> DNA 

<213> Beta vulgaris 
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11/04 '03 18:01 PAX 3292415089 CROPDESIGM N .V. ©020/029 



020 11.04.2003 18:02:01 



068-Cryo-PROV2.ST25.rxt 



<220> 

<22l> CDS 

<222> (70) >. (3 353) 

<223> 

<220> 

<22l> cn is cofeature 

<222;> (2).* (3) 

<223> unknown nucleotide 



<400> 7 

tnncccgggc tgcaggaatt cggcacgagc tcatttctct ecatcaaaaa cacaacaaag 60 

agatceccc atg gcg gaa gaa acc cat aag cca gaa tea acg gtg get gaa 111 
Met Ala Clu Glu Thr His Lys Pro Glu Ser Thr Val A1*t Glu 
15 10 

gtg gig gtt cca gta gec gag aaa cca get gag aag cca get gag aag 159 
Val Val Val Pro Val Ala Glu Lye Pro Ala Clu. Lys Pro Ala Clu Lys 
15 20 25 30 



gca gtt eta cca cct gaa get gag aaa eta get gca get gaa tea get 207 
Ala Val Leu i?ro Pro Glu Ala Glu Lys Leu Ala Ala Ala Glu Ser Ala 
35 40 45 

gaa gee gag aag cca gcL gat tea gec gag get aag ata get caa caa 255 
Glu Ala Glu Lys Pro Ala Asp Sctr Ala Glu Ala Lys lie Ala Gin Gin 
50 55 60 

gtc tea ttc aaa gag gag act aat gtt gca agt gag eta cct gag eta 303 
Val Ser Phe Lys Glu Glu Thr Asn Val Ala Ser Glu Leu Pro Glu Leu 
65 70 75 

cat aga aag get etc gag gac ttg aag aaa ctfc att caa gaa gec etc 351 
His Arg Lys Ala Leu Glu Asp Leu Lys Lys Lbu Tic Gin Glu Ala Leu 
90 85 90 

gag aag cac gag ttc tct tct cct cct cct ecg cct ccg cct get cca 399 
Glu Lys His Glu Phe Ser Ser Pro Pro Pro Pro Pro Pro Pro Ala Pro 
95 100 105 110 

get aaa gtt gag gag aag gcg gaa gag aag aaa gag gaa caa cct cca 447 
Ala Lys VeJ Glu Glu Lys Ala Glu Glu Lys Lys Glu Glu Gin Pro Pro 
115 120 125 

tec acc acc tec acc acc acc acc acc acc acc gcg gtt tea gat gag 4 95 

Ser Thr Thr Ser Thr Thr Thr Thr Thr Thr Thr Ala Val Ser Asp Glu 
130 135 140 

gtt get gtt get cct cca tec gaa gag gec ccg aaa act gac gag gec 543 
Val Ala Val Ala Pro Pro Ser Glu Glu Ala Pro Lys Thr Asp Glu Ala 
145 350 155 

tct ccg aaa gtg gag gag gag cct gea aaa ata gtt gag caa cca cct 591 

Page 10 



°21 "-04. 20oFTs" 02.-21 



s « ffi w . „x G10 Glu s rat-a-««£f „, p „ Pro 



S S S E K K S I" S E a S S S *S «2 " 9 

185 190 

ss a a is a a a a a a a a a a a is 687 

200 205 

ss s a hi a a a a s a a a a a a ss » 

215 220 

is a s k a s a s a as a a Sf e «. ft ,„ 

235 

a a s is a e a is a a a a b a a •» 

. 5 250 

S a i?? x a g a a a a a a as a a a - 
* a a a a a a a a a a a a a a a 

aga aaa gaa ttt gag gtt oak +-4-=, 

*. «. jj. «s vV a a a a a a a a a a 

^ 300 

a a s a a a a a a a a a a a a a "» 
a a a a a a a a a a a a a a a a 
a a a a a a a a a s a a a a a a 
a a a a a e a a a a a a a a a a 

365 

e a a a a a a a a a a a a a a a - 

^ 75 380 

as - § a a is a a a a a a a a a a »- 
s a a a a a a a a a a a a a a a 



927 



975 



410 

-t «tt tea t Q8 tgg tot tgg cat aC8 act gga tct att fcga 
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1353 



11/04 '03 1$:02 FAX 3292415089 



CROPDESIGN N.V. 




088-Cryo-PROV2 . ST25.txt 
Asn Val Ser Trp Trp Ser Trp His Thr Thr Cly Ser lie 
415 420 425 



ctgtatttec accaaggagc aagagcaagt ttgtgtttgc aagcccatct aeaactgctg 1413 
agaccctttt caagtacata gctcctgagc aggtgcctgt bcaatttggt gggcacagca 1473 



<210> 8 

<211> 427 

<212> PUT 

<213> Beta vulgaris 
<220> 

<221 > misc_feature 

<222> (2).. (3) 

<223> unknown nucleotide 

<400> 8 

Met Ala Glu Glu Thr His Lys Pro Glu Ser Thr Val Ala Glu VaJ Val 

Val Pro Val Ala Glu Lys Pro Ala Clu Lys Pro Ala Glu Lys Ala Val 
20 25 30 

Leu Pro Pro Glu Ala Glu Lys Leu Ala Ala Ala Glu Ser Ala Glu AJa 
35 40 45 

Glu Lys Pro Ala Asp Ser Ala Glu Ala Lys lie Ala Gin Gin Val Ser 
50 .55 60 

Phe Lya Glu Clu Thr Asn Val Ala Ser Clu Leu Pro Glu Leu His Aro 
65 70 75 B0 

Lys Ala Leu Glu Asp Leu Lys Lys Leu lie Gin Glu Ala Leu Glu Lvs 
85 90 95 

His Glu Phe Ser Ser Pro Pro Pro Pro Pro Pro Pro Ala Pro Ala Lvs 
100 105 no 

Val Glu Glu Lys Ala Glu Glu Lys Lys Glu Glu Gin Pro Pro Ser Thr 
115 120 125 

Thr ser Thr Thr Thr Thr Thr Thr Thr Ala Val Ser Asp Clu Val Ala 



agtttggcga gcatgagttt tcecctgctg atactgt 



1510 



130 



135 



140 
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— 03 IS: 02 pax S2924150S9 



023 U -04.2003 18:02 



088-Cryo-PROV2 . ST25 . txt 
Val Ala pre Pro Ser Glu Glu Ala Pro Lys Thr Asp Glu Ala ser Pro 



150 



155 



160 



14* Val Glu Glu Glu Pro Ala Lys lie Val Glu Gin Pro Pro Thr Thr 
A0:> 170 375 

Pro Ala Glu Glu Pro Glu Pro Ala Lys Thr Pro Glu Val Val 



Val Ala 



185 j 9 0 

Glu Glu Glu Lys Thr Gly Glu j ap lie L ys Glu Thr Tie Val Vel 

Val Ala Thr Thr T*r ^a Ala Pro Va i L eu Thr Glu Pro Glu Ssr Val 



Glu 



220 



225 Pr ° T ' yS Ala ^ Val Val Val Glu Glu 



235 



Ser Pro Lys 
240 



Glu Pro Glu Glu Val Ser lie T-m riv « 

045 ^ y lln Pr ° Leu Leu Ala Glu 

Ar« Ser *ap v g Xle Leu T , w Lys g Leu ^ g ^ ^ 

*1 X-ys Asp Ala Phe Thr Met tie nro Asn Thr AJa Ar g Trp tog Lys 

285 

Glu «. G xu val A S p Sex g „ L6U ^ Gln fisp ^ ^ ^ 

g« Lye Val VI P he Thr His Gly val Aap jy. Gln 31y flrg prQ ^ 



315 



320 



Cys Tyr Asn Val Ph| Gly Glu Phe Gln Asn Lys Glu Leu T 



330 



Thr Phe Ser Asp Ala Glu Lys Arg Lys j, ys Phe 



34 b 



t'yr Gln Asn 
335 



Leu Arg Trp Leu lie 



350 



Gln Phe Leu Glu Lys Thr lie Arg Thr Lea Aap Phe 



360 



Ser Pro Glu Gly 
365 y 



He Asn Ser Phe Val Leu Val As n Asp Leu Lys Asn Ser Pro Gly Tyr 



gy Lys Ar, Asp Leu Tyr Lys Val llm As p Lys Phe Leu Glu He Leu 



395 
Page 13 
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11/04 '03 1$:02 FAX 3292415080 



CROPPESIGN N.V 



©024/020 
024 11.04.2003 18:03 



088-Cryo-PR0V2 . ST25 . txt 



Gin Asp Asti Tyr Pro Glu Ptie Ala Ala Lys Gin Leu Cys lie Asn Val 
405 410 415 



Ser Trp Trp Ser Trp His Thr Thr Gly Ser He 
420 425 

<210> 9 

<211> 2052 

<212> DMA 

<213> Beta vulgaris 



<220> 

<221> CDS 

<222> (119) (1633) 

<T223> 



<220> 

<221> misc_feature 

<222> (2049) - - (2049) 

<223> unknown nucleotide 

<400> 9 

cccgcctgca gyattcggca cgagcttcaa taaaggtgag agttagagag agaaagtgaa 60 

gqaaggccgc ctctLttttg ggtcgctgac tattaactga aaetttgtaa atctactc us 

&tg gat gaa tat tec aat aga aaa tct tct ggt ctt get ate tec agg 166 
Met Asp Glu Tyr Ser Asn Arg Lys Ser Ser Ciy Leu Ala He Ser Arc 
1 5 10 15 

aga ggg cct age ctt gtt tta. agg gac lea gcg gag aac aac aaa gat 214 
Arg Gly Pro Ser Leu Val Leu Arg Asp Ser Ala Glu Asn Asn Lys Asp 
20 25 30 

egg aat gtt cag gtt tgc age cga gtt gga tgt ggc age aag tt:g aat 262 
Arg Asn Va.l Gin Val Cys Ser- Arg Vel Gly Cys Gly Ser Lys Leu Asn 

35 40 4h ! 

tea gcg aag gat get aaa gtt age tct ccg age aaa gtc aaa tct cea 310 
Ser Val Lys Asp Ala Lya Val Ser Ser Pro Ser Lys Val Lys Ser Pro 
SO 55 60 

aaa act cct fctc cgt tea tct get caa gga aaa gaa ace at I gga agt 358 

Lys Thr Pro Phe Arg Ser Ser Ala Gin Gly Lys Glu Thx He Gly Ser 
65 70 75 80 
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11/04 ' ° 3 1S:0 * FAX 3292415089 CROPDPor 
^OPPBSIGN N.Y. 



08 8-Cryo-PROV2 . ST25 . ixt 

a s ss s 53 s a s s a a a a - s a 

90 95 



406 



gac egg aag aaa aaa ctg cct Let aat ettr «-,r. ^ 

Asp arg Ly S ; jys i, ys Le * Pro Ser ££ SS SS 2£ £ fc * Ca *f a 454 
100 Vn? u Asp Thr Ser Glu Met 

tgc agt cti caa gat gaa tec oacr cra» 

cys sa, jg 61n Asp eiu ser K ffi «to tot |? a jjj aco egg ata 502 

125 

agg gtt cag ccc gag cca gaa cyat e»l- ™*- 

5S ein Pro Glu p " ffi ffi 22 S s « 52 SS S IS 2? 550 

"° 140 

IS B IS 1!? £ a s B If? si S S g; ffi a = 5S8 

135 160 

a si s s a a if? a a ss s a a is is s 

170 175 

a a is si a a a s s - s- s « s ^ 
a a is ss is is e = a a is si ss a a a 

205 

a a a a is a g ss is a is a s is a is 
§ a is si is % a a a a a 5 a a a a « 
a is is is a a a si a a is si a a si a 

35b 

s si is a a a a si a a is si a a is si 

265 270 

si a a ?s a a si g is a s is ig a si a 
a s a a a a a a a si si a is a si a »» 

300 

a a a si a a a a is a a as a si si a - 

315 320 

aac cca tct tea cct eta ccc a-m* +~ , 

*~ *. 3„ S« jg Wu - |fj *- CC. g. g. B g ^ 



646 



694 



742 



790 



086 



934 



982 



1126 



330 335 
Page IS 



11/04 '03 13:03 PAX 3202415080 CROPDESIGN N V 

'~ ©026/029 

026 11.04,2003 18:03:56 



088-Cryo-PROV2 . ST 25 - txt 

agt ttg gaa aat cag etc tct ggc cga act cca get cgt tct tta agt 1174 
Ser Leu Glu Asn Gin Phe Ser Gly Arg Thr Pro Ala Gly Ser Leu Ser 
340 345 350 

tct tat aat aga cca ggt ggc ggt agt gaa cat atg egg cct agt agg 1222 
Ser Tyr Asn Arg Pro Gly Gly Gly Ser Glu His Met Arg Pro Ser Arg 
3S5 360 365 

tct att gat ccc tat gaa get ggc att get cgc tct ~tt atg aac cgt 1270 
Ser He Asp Pro Tyr Glu Ala Gly lie Ala Arg Ser Phe Mot Asn Arc* 
370 375 380 

gat acc Lta aga cag tac aac tta gat ggg att gca gag atg tta tta 1318 
Asp Thr Leu Arg Gin Tyr Asn Leu Asp Gly He Ala Glu Met Leu Leu 
365 390 395 400 

get eta gag aga att gaa caa gaa gaa gat cca acc tat gag caa ttg 1366 
Ala Leu Glu Arg He G1.U Gin Glu Glu Asp Pro Thr Tyr Glu Gin Leu 
405 410 415 

ctt gtt ctg gag act aat ctt ttc eta gga gga ctt tct Ltt cat gat 1414 
Leu val Leu Glu Thr Asn Leu Phe Leu Gly GJ y Leu Ser Phe His Aso 
420 425 430 

cag cac agg gac atg agg ctg gaL att gat aat atg tea tat gag gaa 1*62 
Gin His Arg Asp Met Arg Leu Asp He Asp Asn Met Ser Tyr Glu Glu 
435 440 445 

eta tta get tta gaa gag age atg gga act gta aga cag ccg tgc cag 1510 
Leu Leu Ala Leu Glu Glu Ser Met Gly Thr Val Arg Gin Pxo Cys Gin 
450 455 460 

aag atg att tgg eta agt gtc tta aaa gga aca tct acc ao/g ata tta 15SS 
Lye Met He Trp Leu Ser Val Leo Lys Gly Thr Ser Thr Arg Val Leu 
465 470 475 480 

cag att gta gag agg atg age atg ata tea aat gca gca tat gec agg 1606 
Gin He Val GJu Arg Met Ser Met He Ser Asn Ala Ala Tyx Ala Are 
405 490 * 495 

aag aat atg gtg gcg ggg aag aag tag gaagattgag ttgtgatcac 1553 
Lys Asn Met Val Ala Gly Lys Lys 
500 

agctaccaca ttgaatgtat aaatceatgg ttgaggctca agaactggtg ccctacctgc 1713 

aaggcttctg catcaccttc aacttcagca actccgcctc ccLgaacttc gctgttatat 1773 

tcttcccttt tttttccagt ttgtacagac eggaatctgt cgar.ttttat ttcttcatca 1833 

gaaatttgat gtttctatag otagtccttL ggttactatt ttctttttcc ttatttgtac 1893 

atataatttc tcttctatgt gecaactaat aatgetcgag gtg^tagaag ctccagtatg 1953 

ggaacaggtt cacttcactt attctacata aacagattct caagtatata taaatccctc 2013 

tcctcaaaaa aaeaaaaaaa aaacccgagg gggggngcg 2052 



<210> 10 
<211> 504 
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<212> PRT 08fi-Cryo-PROV2-ST25.txt 
<213> Beta vulgaris 



<220> 

<221> misc_£eature 
<222> (2049) (2049) 
<223> unknown nucleotide 
<400> 10 

Met Aap Glu Tyr Ser Asn Arg Lys Ser Ser Gly Leu Ala He ser Arg 
Arg Gly Pro Ser Leu Val Leu Arg Asp Ser Ala Glu Asn Asn L yS Asp 



30 



Arg Asn val em v a x Cys Ser Ar* Va i ely C ys Gl y s?r Lys Leu ^ 



45 



Ser jjx Lys Asp Ala Lys Val Ser Ser Pr0 Ser Lys w Lyfi Ser prQ 

°^ 60 

Lys Tnr Pro P»o Arg Ser Ser Ale Gin Gly L ys Glu Thr He Gly Ser 



75 



Ser ser Arg Thr Lf ^a Ser Pro Ser phe ^ ^ ^ ^ ^ 



90 



95 



Aa P Arg Ly 8 Lys Lya w Pro Ser Leu ^ p ^ ^ 



105 



130 



Cye Ser Leu Gin Asp Glu Ser Glu Glu Val Ser Gly Ly? Xhr ^ 



12$ 



Arg Val cm P ro Glu Pro Glu Aap His Asp Ser ^ ^ ftJo ^ 

Ser Glu Ala Gly Ser Ser Ser Ser Gly Pro Ser Asn Arg Leu Ala Asn 

155 160 
Arg Asn Thr Gin Arg Phe Gly Leu Gly Arg Gin Asc Ser Ala Ala Ser 



17D 



175 



Scr Ala Ser Phe Ser Leu Asn Lvs Thr Asn Hn n 

180 y Asn Gln Gl y Gin Arg Asn Cly 



185 190 
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Glv Civ Gly Gly Ala Ser Ala Asn Arg Tyr Asn Leu Arg Gin Leu Lys 
195 200 205 

Cys Asn Ser lie Ser Aap Vol Val Pro Ser Gly Ser Pro Gin Ser Ala 
210 215 220 

Glu Ser Ser Leu Ser Lye Lys Arg Asp Thr Gly Cys Arg Lys Arg Asn 
225 230 23S 240 

Gly Glu Ala Glu Ser Ser Leu Pro Val Arg Gly Lys Lys lie Asn Gly 
245 250 255 

Ala Thr Gin Asp Asp Arg Arg Asn Asp Tyr Pro Asn Arg Gly He Ser 
260 " 265 270 

He Ser Asp Thr Arg Arg Thr Arg Ser Ser Ser Pro Gly Asn Asn Asp 
275 280 285 

Val Thr Ser Val Arg Ser Arg Arg Ser Val Ala Arg Thr Arg Leu Ser 
290 295 300 

Asn Gin Asp Thr Arg Asp Arg Leu Pro Leu Val Glu Ser Pro Leu Arg 
305 " 310 315 320 

Asn Pro Ser Ser Pro Leu Pro Glu Ser Ser Thr Gly Gly Thr Asp Phe 
325 330 - 335 

Ser Leu Glu Asn Gin Phe Ser Gly Arg Thr Pro Ala Gly Ser Leu Ser 
340 345 350 

Ser Tyr Asn Arg Pro Gly Gly Gly Ser Glu nis Met Arg Pro Ser Arg 
355 ' 360 365 

Ser lis Asp Pro Tyr Glu Ala Gly He Ala Arg Ser Phe Met Asn Arg 
370 375 380 

Asp Thr Leu Arg Gin Tyr Asn Leu Asp Gly He Ala Glu Met Leu Leu 
385 390 395 400 

Ala Leu G),u Arg lie Glu Gin Glu Glu Asp Pro Thr Tyr Glu Gin Leu 
405 410 415 

Leu Val Leu Glu Thr Asn Leu Phe Leu Gly Gly Leu Ser Phe His Asp 
420 425 430 

Gin His Arg Asp Met Arg Leu Asp lie Asp Asn Met Ser Tyr Glu Glu 
435 440 445 
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}tS 1,611 Glu Glu ?2f MeC Giy Thr Vo1 GJ » p «> cys Gin 
,au 45b 460 

Lys Met lie Trp Leu Ser Val Leu Lys Gly Tfcr Ser Thr Arc, Val Le U 
4t>5 470 475- 480 

Gin Tie Val Glu Arg Met Ser Met Ua Ser Asm Ala Ma Tyr Ala Arg 



495 



Lys Asn Met Val Ala Gly Lya Lye 
500 
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